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Course  0  ascription 

J  ,     .  *  , 

This  course  is  designed  to  provide  the  theory  portion  of  the  Marines  Science  Technician  program.  It  includes  a  review  of  basic  subjects,  marine  bioi&9y. 
j  oceanography,  a/id  meteoroiogic  observations  and  recording*  This  course  consists  of  a  lesson  book  and  six  texts.  Efe^en  lesson)  are  presented  Two 
additional  lessons  were  deleted  because  they  deal  with  specific  military  administration  and  requirements. 

Lesson  1     •  -       Review  of  Mathematics  contains  five  assignments  covering  number  systems,  arithmetic,  exponents,  radicals,  logarithms,  the 
slide  rule,  working  with  numbers,  and  numerical  trigonometry. 

Lesson  2       -       Applied  Physics  contains  six  assignments  covering  matter  and  energy,  mass,  force,  and  motion,  laws  of  motion,  gas  raws,  and  _ 
optical  phenomena. 


Lesso^  3 


Lesson  4 


Lesson  5 


Lesson  6' 


Lesson  7 


Lesson  8  — 


Lesson  9  — 


Lesson  10  — 


Lesson  1 1  — 


3 


Geological  and  Physical  Oceanography  contains  four  iessons  covering  an  introduction  to  oceanography,  marme  geology,  and 
physical  oceanography. 

Marine  Biology  and  Water  Motions  contains  five  assignments  covering  fouling  and  deterioration,  biolummescence.  deep 
scattering  layers,  coral  Teefs,  harmful  and  useful  aspects  of  marine  life,  waves  and  surf,  currents,  and  tides.  ^ 

Basic  Meteorology  and  Meteorological  Elements  contains  three  lessons  discussing  the  history  of  meteorology,  the*earth-sun  ^ 
relationship,  the  effects  of  the  earth,  pressure,  temperatures,  humidity, "winds,  luminous  meteors,  hthometeors.  and  hydro 
meteors  (all  types  of  precipitation).  . 

f 

Atmospheric  Circulation,  Air  Masses,  Fronts,  and  Special  Phenomena  contains  five  assignments  covering  general  circulation, 

secondary  circulations,  tertiary  circulations,  air  masses,  fronts,  easterly  waves  and  the  ITCZ.  thunderstorms,  tornadoes,  water 

spouts,  dust  devils,  and  tropical  cyclones. 

i 

Surface  Weather  and  Physical  Oceanographtc  Observational  Equipment  and  Instruments  contains  four  assignments  covering 
thermometers,  pressure  instruments,  wind  measuring  instruments,  winches,  wire  rope,  platform  rigging,  platform  area  safety, 
water  samples,  and  temperature  measuring  equipment.  v 

Geological  Oceanographtc  Equipment  Upper  Air  Equipment  and  Instruments,  Communications  Equipment;  end  Special 
Instrumentation  contains  five  assignments  covering  bottom  samples,  processing  laboratory  areas  and  associated  equipment, 
sampling  nets,  sonar  pingers,  underwater  cameras,  transparency  measurement  devices,  balloons,  upper  air  accessory  equip 
ment,  theodolites,  electrical  upper  air  equipment,  electronic  upper  air  equipment,  the  teletypewriter,  the  facsimile,  meteo- 
rological satellites,  and  automatic  weather  stations.  % 


Surface  Weather  Observation  and  Meteorg/igicat  Codes  and  Plotting  contains  four  assignments  explaining  general  terms, 
definitions,  and  procedures  for  observations,  observations  of  atmospheric  phenomena, code  systems  information,  primary 
meteoroligical  codes;  map  plotting;  and  Navy  RADFO  messages. 

Ice  and  Bathythermograph  Observations,  Nansen  and  STD  Casts,  and  Safety  Procedures  for  Oceanographic  Observations 
contains  five  assignments  on  the  characteristics  of  ice,  shipboard  observations  and  codes,  aircraft  ice  recpn  plot  and  message, 
the  mechanical  bathythermograph,  the  expendab^  bathythermograph,  installation  of  the  XBT  launcher  and  recorder,  encoding 
bathythermograph  observations,  the  Nansen  cast  routine,  the  winch  card,  deep  casts,  the  STD  cast  routine,  data  retrieval,  deter- 
mining water  transparency  with  the  Secchi  disc,  safety  procedures  and  hand  signals  for  casts. 

Data  Processing  and  Analysis  contains  seven  assignments  covering  surface  analysis,  upper  air  chart  analysis,  communications 
systems,  teletype  weathec  messages,  quality  control,  processing  salinity  data,  the  modified  Winkler  method  for  dissolved  * 
oxygen  analysis,  and  processing  station  data. ' 


Each  lesson  contains  numerous  charts  and  detailed  procedures.  Some  military  equipment  and  procedures  are  included,  but  the  model  might  be  useful 
for  civilian  applications.  This  course  contains  reading  assignments,  review  exercises  and  answers  for  student  self -study  and  evaluation  The  course 
would  best  be  used  with  an  on-the-job  or  laboratory  learning  situation.  ■  v 
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LESSON  1 


/ 


FIRST  ASSIGNMENT/ 


In  Pamphlet  No.  460  r/ad  from  pagefc  1 
through  page  15  and  answer  questions  1  through 
21. 

1.  What  does  a  number  represent? 

A.  A  symbol 

B.  A  sum  » 

C.  A  product 

D.  An  idea 

2.  \\  hat-determines  the  place  value  which  corre- 
sponds to  a  given  position  in  a  number? 

/A.    The  base  of  the  cumber  system 

B.  The  type  of  the  number  system 

C.  /^tfie  size  of  the  number 
D^The  placement  of  the  decimal 

3.  What  number  do  the  mathematical  symbols, 
2  x  10  x  100  t  7  x  iOxlO+Ox  10  x  1+7x1,, 
represent? 

A.  277 
B:  2,707 

C.  20,717       .  f 

D.  27,107  ( 

4.  If  a  number  system  is  said  to  be  a  base-six" 
system,  what  does  the  symbol  ""10"  represent? 


REVIEW  OF  MATHEMATICS 

7,  In  an  arithmetical  computation,  what  factor 
determines  the  accuracy  of  a  problem? 


A.  6 

B.  ~  7 

C.  10 

D.  12 


5.  /  What  is  the  decimal  equivalent  of  the  binary 
number-0101?  » 


B.  5 

C.  7 

D.  11 


6.  .  How  is  the  precision  of  a  number  indicated? 

A.  By  the  number  of  digits  to  the  left  of 
the  decimal  point 

B.  By  the  positional  value  of  the  number 

C.  By  the  number  system  used 

D.  By  the  number  of 'cligits  to  the  right  of 
the  decimal  point 


A.  The  length  of  the  problem 

B.  The  number  of  digits  involved 

C.  The  least  precise  value  used 

D.  The  number  of  significant  digits  involved 

8.  Round  off  the  expression  0.0345065  to  the 
nearest  millionth. 

A.  0.03450 
.  B.  0.034506 

C.  0.034507 

D.  0.03451 

<* 

*9.    What  is  the  reciprocal  of  the  number  8? 

A.  0.125  1 

B.  0.163 

C.  0.2  / 

Dv-  0.8 

w 

10.  You  disregard  the  signs  of. numbers  when 
you  are  adding  m  ? 

■» 

A.  numbers  algebraically 

B.  positive  numbers 

C.  numbers  arithmetically 

D.  negative^  numbers 

\ 

.11.  What  type(s)  of  fraction  is/are  indicated  by 
a  numerator  that  is  numerically  smaller  than  the 
denominator? 


1. 
2. 
3. 


Mixed. 
Proper 
Improper 


A. 
B. 

C 


1 

2 

1  and  3 
1,  2,  and  3 


12.  How  may  you  change  the  fraction  3/8  to 
twenty-fourths? 

A.  Multiply  the  numerator  by  3 

B.  Multiply  the  denominator  by  3 

C.  Divide  8  into  24  to  get  3  and  multiply 
the  numerator  by  3 

D.  Multiply  both  terms  of  the  fraction  by  3 
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13."  What  lowest  'common  denominator  (LCD) 
would  be  used  to  add  1/9,  4/7,  3/35,  and  3/25? 

A.  1,575 

B.  2,205  * 

"C,  3^c7x9x5 

D.    9  x  7  x  35  x  25 
t 

.14.  What  is  the  least  common  multiple  (LCM)  of 
60,  36,  and  18?  ✓ 

,     ,A.  180 

f  B.      540  .  ^ 
-        VC.  1,080 
)D.  2,160 

« 

15.  Find  the  greatest  common  divisor  (GCD) 
of  6,  15,  and  ,21, 

A.  J 

B.  6 
i      C.  210 

D.    3?  x  2  x  5  x  7  . 

16.  If  a  baseball  player's  batting  average  is 
quoted  as  265,  how  often  has  he  gotten  a  hit? 

A.  0.265%  of  the  time 

B.  2.65  times  out  of  100 
.  C.     26.5%  of  the  time 

D,    265%  of  the  time 

17.  The  decimal  fraction  0.00014  can  be  written 
as  what  percent?  * 

A.  0.0000014% 

B.  0.0014% 
•     C  0.014% 

D.  0,14% 

18.  What  is  the  rate,  base,  and  {Percentage  of 
the  equation  3/4  =  75%? 

A.  Rate  3,  base  4,  percentage  75% 

B.  Rate  4,  base  3,  percentage  75% 
C#  *  Rate  75%,  base  3,  percentage  4 

'        D.   Rate  75%,  base  4,  percentage  3 

19.  Which  of  the  following  ratios  is  equivalent 
to  the  inverse  of  the  ratio  42:48? 


A.  3/4 

B.  4/3 
C  7/8 
D.  8/7 


20.  Which  ot  the  following  methods  may  be  used 
to  express  the  same  proportion? 

A.  3/6  *  1/2;  3:6  =  1:2;  3:6::1:2 

B.  3/6  =»  1/2;  3:2  =  1:6;  3/1  =  6/2 

C.  3  x  6:1  x  2;  3/6  =  1/2;  3:6  =  1:2 

D.  3-6  =  1-2;  3/6 ^1/2;  3:6  =  1:2 


21.  Which  letters  of  the  proportion  a/b 
represent  the  extremes? 

»A.  a  and  c 

B.  a  and  d 

C.  c  and  b  $ 

D.  d  and  c 


c/d 


SECOND  ASSIGNMENT 


In  Pamphlet  No.  460  read  from  page  19 
through  page  34  and  answer  questions  22 
through  31.  ' 

22'.  What  does  the  term  5 3  mean? 

A.  The  cube  root  of  5  is  3 

B.  5  is  multiplied  by  3 

C#  5  is  multiplied  as  a  factor  3  times 
D#   3  is  taken  as  a  factor  5  times 


23.  Identify  the  base,  exponent,  and  power  asso- 
ciated with  the 'expression  32  =  9.  . 

A.  Base  isy2;  exponent  is,  3;  power  is  9 

B.  Base  is  3;  exponent  i£  2;  power  is  9 
C#  Base  is  3;  exponent  is  9;  power  is  2 
D.  Base  is  9;  exponent  is  2;  power  is  3 

24.  What  is  another  name  for  the  square  root 
sign  (V~ )? 

A.  Extraction  sign 

B.  Radian  sign 

C.  Factor  sign 

D.  Radical  sign 

25.  If  a  negative  number  is  raised  to  the  54th 
powfer  the  sign  of  the  power,   . 


A.  is  positive 

B.  fluctuates 

C.  is  negative 

D.  depends  ,on  the  base 
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33.  Wiat  is  the  logarithmic  form  of  the  expres- 
sion 25=32? 


A.  log2    5  »  32 

B.  log2  32  »  5 

C.  Iog5  32  -2 

D#  lo^32  5  "  2 


26.  What  number  is  the  third  power  of  1.5? 

A.  0.015 

B.  0.5  * 

C.  2.25 

D.  3.375  *  . 
.  27.  What  is  the  product  of  22  x  23? 

*    A.  2^ 

B. '  26* 

C.  45 

D.  46 

2S.  What  is  the  sum  of  9°  plus  91? 

A.  0 
.  B. .  1 

C.  9 

D.  10 

f 

29.  What  is   the  decimal  Equivalent  of  10~5? 
A.    0.01  '  ; 

b.  o.oo:  * 

C.  0.0001 
*    D.    0.00001  " 

30.  /what  is  the  sitfn  of  2vTcT  plus  1/2^10?      36'  W»t  is  the  lqg  of  70? 


V 


34.  What  number  is  used  as  the  base  of  the  sys- 
tem of  logarithms  for  most  ordinary  computa- 
tions? v 

A.  2 

B.  2.3026 

C.  2.71828 

D.  10 


35.  What  is  the  common  logarithm  of  100,000? 

A.  3  ^ 

B.  5 

C.  -7 

D.  10 


A.  VlO 

B.  2VlO  +  5 

C.  2  l/2VlO 

D.  2  1/2  V20 

31.    What_  is  the   solution  of  the  expression 

3/2?  /VT? 

A.  1 

b.  VT 
c. 

D.'  V27/VT 


,B. 


0.1213 
1.1213 
C#  1.84510 
D.  2.84510 


THIRD  ASSIGNMENT 

In  Pamphlet  No.  460  read  from  page  35 
through  page  52  and  answer  questions  32 
through  41. 

32.  In  the  expression  34  =  81,  which  number 
may  be  interpreted  as  a  logarithm? 

A.  3 

B.  4  ♦ 

C.  64  ^ 

D.  81 


see  appendix  I 


37.  Whatsis  the  log  of  0.0024?       #  ' 

A.  ,  0.38021 

B.  7.38521-10        .  %  * 

C.  8.38021-10 

D.  *9.3802l-10 

38.  Which  of  the  following  relationships  between 
scales  on  a  slid£ rule  is  CORRECT?- 


A.  The  numbers  on  the  D  scale 
square  roots  of  those  on  the 

B.  The  numbers  on  the  A  scale 
square  roots  of  those  on  the 

C.  The  numbers  on  the  A  scale 
squares  of  those  on  the  B  scale 

D.  The  numbers  on  the  D  scale 
square  roots  of  those  on  the 


are  the 
A  scale 
are  the 
D  scale 
are  the 

are  the 
C  scale 
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39.  How  many  digits  will  be  to  the  left  of  the 
decimal  point  in  the  square  root  of  400,000? 

}      A.  Two 

B.  Three 

C.  Four 

D.  Five 

40*  Which  of  the  following  slide  rule  scales 
are  used  to  extract  a  cube  root? 

A.  A  and  D 

B.  A  and  K 

C.  B  and  K 

D.  '  DandK 

i 

41.  When  you  take  a  cube  root,  what  system  is 
used  to  mark  off  the  number  of  places  when  you 
in§ert  the  decimal  point? 


A. 
B>. 
C. 
D. 


Groups  of  two 
Groups  of  three 
Groups  of  four 
Groups  of  fiv$ 

■       f  ' 


FOURTH  ASSIGNMENT 

vT~i  ;  


In  Pamphlet  No.  460  read  from  page  53 
through  page  66  and  answer  questions  43, 
through  46.*  #  •  *t£ 

42.  .Which  of  the  following  numbers  is  real  and 
is  greater  than  zero? 


A. 
B. 
,C. 
D. 


i3 


45.  Convert  binary  HjOllO.001  to  its  decimal 
equivalent. 


A. 
B. 


48.250 
54.125 
5^.875 
D#  $2,025 


46.  Convert  octal  67.5  to  its  binary  equivalent. 


A. 
B. 
C. 
D. 


101  110 
110  101 

110  111 

111  110 


110 
111 
101 
011 


FIFTH  ASSIGNMENT 


.43;  If  r  a  1§  s  ■  3,  t  «  12,  and  x  ■  15,  what  is 
the  value  of  the  expression  t  -  2rx/s? 

A.  -3 
B«  -2 
C  2 
.    D.  3 

44.  rIn  the  expression  xy,  what  is  the  coefficient 
of  xy? 


In  Paniphlet  No.  460  read  from  page  67. 
through4  page-  77    and    answer   questions  47  \ 
through  50. 

47.  *  What  is  the  hypotenuse  of  a  right  triangle 
whose  sides  are  5  and  12  units? 

A.  13  a 

B.  14 

C.  15 

D.  16 

» 

48.  If  the  hypotenuse  of  a  right  triangle  is  8 
units,  and  one  leg  is  4  units,  what  is  the  length 
of  the  second  leg? 

A.  4.00 

B.  6.73 

C.  6.93 

D.  8.94 

49.  What  is  the  sine  of  an  angle  49  degrees 
48  minutes? 


A.  0.6455 

B.  0.7536 

C.  0.7638 

D.  1.1833 


see  appendix  II 

50.  What  is  the  interpolated  value  for  th^  sin 
16.58? 


A. 
B. 
C. 


1 
x 

y 


D.  xy 


A.  0.2845 

B.  0.2849 

C.  0.2854 
D#  0.2856 
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LESSON  2 
APPLIED  PHYSICS 


FIRST  ASSIGNMENT 


In  Pamphlet  No.  460  read  from  page  79  to 
Massi  Force,  and  Motion  on  page  83  and  answer 
questions  1  through  12.  .  . 


1.  Wnau  is  the  smallest/knit  into  which  water 
can  be  divided  and  still  retain  the  characteristic 
properties  of  watpr? 

A.  Atom 

B.  '  Proton 

C.  Electron 

D.  Molecule 


f 


,2.  A  positive  electrical  charge  is  characteristic 
of  which  component  of  an  atom? 

A.  Proton 

B.  Neutron  ^ 

C.  Nucleus        /  "~  ^  y 

D.  Electrb^_^^ 


3.  Which  of  the  following  describes  a  small 
quantity  of  sea  water?  .  / 


A. 
B. 

c\ 

D. 


Mixture 
Substance 
Compound 
Molecule 


4.  Which  pf  the  followfof-Statements  BEST 
describe  the  FFincffrle^  Conservation  of  Msater? 


o\vfchg-stf 


/ 


A.  Matter  can  change* appearance 

B.  Matter  will  combine  with  matter 

C.  Matter  cannot  be  destroyed 

D.  Matter  can  form  different  substances 


5.  Which  of  the  following  examples  indicates 
a  chemical  changel 

A/  Iron  oxide  forming  on  a  structural  beam 
B.  Radium  atoms  changing  into  lead  atoms 
<2.    Water  vapor  condensing  to  form  rain 

drops   .  - 
D.    Sugar  dissolving  in  water 


6.  Which  of  the  following  properties  of  matter 
states  that  two  objects  cannot  occupy  the  same 
space  at  the  same  time? 

A,  Permanance 

B.  Porosity  • 

C.  Impenetrability 

D,  Density 

7.  Which  of  the  following  properties  of  matter 
remains  the  same  regardless  of  altitude  or  lati- 
tude? 

A.  Mass 

B.  Weight 

C,  Density 

D,  Gravitation 

8.  If  an  object  is  10  cm  long,  6  cm  wide,  and 
4  cm  thick  and  weighs  180  g,  what  is  the  .density 
of  the  object? 

A.  0,11  g/cm3  * 

B#  GT.75  g/cm3 

C.  1.33  g/cm3 

D.  9.00  g/cm3 

9.  Which  of  the  following  is  used  as  a  standard 
to  determine  the  specific  gravity  of  a  substance? 

A.  Lead 
^  B.  Water 
*  C.  Oxygen 

D.  Carbon 

10.  The  metric  (cgs)  system  has  been  adopted 
by  the  scientific  community  to  measure  which 
of  the  following  units? 

A.  Length,  mass,  and  time 

B.  Gravity,  density,  and  force 

C.  Centimeters,  grams,  and  seconds 

D.  Circular  motion,  gravity,   and  speed 

11.  What  is  the  approximate  equivalent  of  24 
pounds  as  expressed  in  kilograms? 

A.  0.996  ^  \  . 

B.  10.896 

C.  18.786 

D.  24.000  V 
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•12.  In  the  metric  system*  what  is  the  unit  of 
distance  when  the  unit  .of  force  is  the  dyne? 

A.  Erg 

B.  Joule 

C.  Angstrom 

D.  Centimeter 


17.  Air  pressure  on  an  aircraft  increases  when 
the  aircraft  .  ^ 

A.  ascends 

B.  descends 

C.  accelerates 

D.  turns  sharply 


1^ 


SECOND  ASSIGNMENT 

In  Pamphlet  No.  460  read  from  Mass,  Force, 
and  Motion  on  page  83  to  Change  of  State  on 
page  92  and  answer  questions  13  through  26. 

13.  When  no  external  forces  act  on  a  moving 
object,  how  will  the  object  mov* ? 

A.  In  a  curved  line  at  a  decreasing  speed 

B.  In  a  straight  line  at  a  constant  speed 

C.  In  a  curved  line  at  a  constant  speed 
Jp.  In  a  straight  line  at  a  decreasing  speed 

14.  The  wind  would  blow  at  light  angles  across 
isobars  if  which  of  the  following  forces  were  the 
only  force  affecting  wind  flow?  s 

A.  Coxiolis 

B.  Centripetal 

C.  Centrifugal 

D.  Pressure  gradient 

15.  If  speed  were  constant,  which  of  the  following 
objects  would  experience  the  greatest  deflection 
due  to  Coriolis  effect? 


A. 
B. 
C. 
D. 


An  object  moving  northeast  at  30*  N  lat. 
An  object  moving  south  at  40*  S  lat.' 
An  object  moving  north  at  60*  N  lat. 
An  object  crossing  the  Equator  moving 
due  North 


18..  How  may  one  atmosphere  of  pressure  be 
expressed? 

A.  1,013.25  mb,  *  760  mm,   or  29.92  in. 

B.  1,013.25  mb,   760   mb,   or  29,92  in. 

C.  1,013.25  mm,   29.92  in.,  or  14.7  psi 

D.  1,013,25  mm,   29,92  mb,  or  14.7.  in. 


19.  What  are  the  standard  conditions  under  which 
gases  must  be  compared,  densities  determined, 
and  the  gas  constants  derived? 

A.  0*C  temperature  and  760  mb  pressure 

B.  15*  C  temperature  and  1,013.25  mb  pres- 
sure 4 

C.  0*C  temperature  and  760  mm  pressure 

D.  15*  C  temperature  and  1,013.25  mm  pres- 
sure 

^tl.  On  what  does  the  pressure  of  an  enclosed 
gas  depend? 

A.  The  number  of  molecules  in  the  con- 
tainer of  gas 

B.  The  average  space  between  the  gas  mole- 
cules within  the  container 

C.  The  force  with  which  the;gas  molecules 
strike  the  walls  of  the  container 

D.  The  number  of  times  the  gas  molecules 
strike  the  walls  of  the  container  perunit 
of  time 


16.  Which  of  the  following  influence  winds  to 
flow  in  a  circular  pkth? 

A.  Coriolis  effect,  speed,  and  centripetal 
effect 

B.  Centrifugal  effect,  speed,  and  centripetal 
effect 

€.   Centripetal  effect,  Coriolis  effect,  and 

pressure  gradient 
D.   Coriolis  effect,  pressure  gradient  force, 

and  centrifugal  effect 


21.,  Which  of  the  following  actionsv-xesults  in 
a  decrease  in  atmospheric  density? 

A.  A  decrease  in  temperature  or  increase 
in  pressure 

B.  An  increase  in  pressure  or  increase  in 
moisture 

C#    An  increase  in  temperature  or  decrease 

in  pressure 
D.    A  decrease  in  moisture  or  increase  in 

pressure 
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22.  If  the  partial  pressures  of  an  enclosed  gas 
are  3  cm,  14  cm,  26  cm,  and  51  cm  of  mercury 
respectively,  wtot  is  the  total  pressure  of  the 
enclosed  gases? 

A.  23.5  cm 

*    B.  47  cm 

C#  51  cm  * 

D.  94  cm  * 


23,  If  tne  pressure  of  an  enclosed  gas  is  held 
constant  at  10*  d^&es  per  square  centimeter, 
what  villi  be  the  volume  of  the  gas  at  200* 
absolute  if  the  original  volume  was  240  cubic 
centimeters  at  a  temperature  of  300*  absolute? 

A,    100  cc 
<l>  B.    120  CC 

C.  140  cc 

D.  160  cc 

24.  U  a  closed  box  is  submerged  in  a  tub  of 
W3ter  so  that  the  bottom  of  the  box  does  not 
touch  the  bottom  of  the  tub,  where  will"  the  force 
of  the  water  pressure  be  exerted  on  the  box? 

A.  Sides  of  the  box  ONLY  ^ 

B.  Top  of  the  box  ONLY 

C.  Top,  bottom,  and  sides  of  the  box 
•    D.  Top  and  bottom  of  the  box  ONLY 

25.  Which  of  the  following  statements  describes 
Bernoulli's  theorem? 

A.  The  pressure  of  a  flowing  liquid  is 
directly  proportional  to  the  velocity  of 
the  liquid 

B.  The  pressure  of  a  flowing  liquid  is 
inversely  proportional  to  the  velocity  of 
the  liquid 

C.  The  pressure  of  a  flowing  liquid  is  equal, 
to  the  velocity  of  the  liquid 

D.  The  pressure  of  a  flowing  liquid  is  not 
affected  by  the  velocity  of  the  liquid 

26,  Which  of  the  following  gas  laws  states  th*t 
equal  volumes  of  all  gases  under  equal  pressures 
and  temperatures  contain  equal  numbers  of  mole- 
cules? 

A.  Dalton's  Law 

B.  Avogradro's  Number 

C.  The  Equation  of  State 


THIRD  ASSIGNMENT 


D.    The  Hydrostatic  Equation 


In  Pamphlet  No.  460  read  from  Change  of 
State  on  page  92  to  Energy  Considerations  on 
page  95  and  answer  questions  27  through  32. 

27.  How  many  calories  of  heat  are  required  to 
raise  the  temperature  of  1,500  grams  of  water 
from  25#C  to  85#C? 

A.  60 

B.  1,500 

C.  90,000 

D.  127,500 

28.  Which  of* the  following  changes  of  state  will 
produce  the  same  result? 

A.  Melting  and  fusion 

B.  Melting  and  evaporation 

C.  Freezing  and  condensation 

D.  Condensation  and  evaporation 

29.  Which  of  the  following  requires  the  greatest 
amount  of  time  for  either  heating  or  cooling  if 
the  temperature  remains  constant? 

A.  A  forestiarea 

B.  An  ice  surface 

C.  An  area  of  dry  sand 

D.  An  cteean  surface 

30.  Which  of  the  following  has  the  greatest  effect 
on  atmospheric  pressure? 

A.  Density 

B.  Humidity 

C.  Altitude  ' 

D.  Temperature 

31.  How  is  an  object  heated  when  the  object  is 
in  direct  contact  with  the  source  of  heat? 

f        A.  By  advection 

B.  By  radiation 

C.  By  conduction 

D.  By  convection 

32.  Wha$  method  of  heat  transfer  is  responsible 
for  the  transportation  of  the  greatest  amount  of 
heat  fr<?m  one  latitude  to  another? 

• 

A.  Radiation 

B.  Convection 

C.  Conduction 

D.  *Advection 
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FOURTH  ASSIGNMENT 

In  Pamphlet  No.  460  read  from  Energy  Con- 
siderations on  page  95  to  Stability  and  Insta- 
bility on  page  ,101  and  answer  questions  33 
through  41, 

4 

33.  A  ball  resting  on  top  of  a  hill  possesses 
which  of  the  following  types  of  energy? 

A.  Heat 

B.  Kinetic 

C.  Electrical 

D.  <  Potential    -  . 


34.  As  a  parcel  of  air  descends  adiabatically 
in  the  atmosphere,  what  happens  to  the  tempera- 
ture of  the  parcel?  ) 


A. 
B. 

,C. 
P. 


The  temperature  decreases 
The  temperature  increases 
The  temperature  remains  constant 
The  temperature*  varies  irregularly 


35.  What  would  you  call  the  rate  at  which  the 
temperature  of  a  descending  air  parcel  changes? 

A#   The  mean  slope 

B.  *  The  adiabatic  lapse  rate 

C.  The  vertical  temperature  gradient 

D.  ^The  horizontal  temperature  gradient 

36.  At*  what  lapse  rate  is  a/parcel  of  air  being 
cooled  if  the  temperature  lowers  at  the  rate  of 
2#  to  3«  F  per  lt000  feet? 

A.  Autoconyective 

B.  Super  adiabatic 

C.  riry  adiabatic 

D.  Saturation  adiabatic 

37.  Why  is  the  saturation  adiabatic  lapse  rate 
different  from  the  dry  adiabatic  lapse  rate? 

A.  Because  of  the  release,  of  the  latent 
heat  of  condensation 

B.  Due  to  the  conservation  of  internal 
energy 

C.  Due  to  the  conservation  of  angular  mo- 
mentum 

D.  Because  of  the  increase  of  the  environ- 
mental lapse  rate 


38.  If  adiabatic  c<x>ling  is  offset  by  the  heat  of 
fusiont  a  parcel  of  air  rising  isothermally  is  in 
what  stage? 

A.  Pry  * 

B.  Hail 

C.  Rain 

D.  Snow 


39.  Which  of  the  following  stages  of  the* revers- 
ible adiabatic  process  is  eliminated  in  the  irre- 
versible process?  < 


A.  Dry 

B.  f£il 

C.  Rain 

D.  Snow 


1 
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40.  What  accounts  for  the  formation  of  large 
rain  drops  from  cloud  droplets  in  tropical 
regions?  , 

A.  Fusion 

B.  Condensation  *  ■> 

C.  Coalescence. 

D.  Sublimation        s  ^ 


41.  At  what  temperature  is  silver  iodide  most 
effective  as  a  sourcp  of  ice  crystal  nuclei? 


A. 
B. 
C. 
D. 


-10*  F 
-10*  C 
-20*  F 
-20*  C 


*     FIFTH  ASSIGNMENT 

In  Pamphlet  No.  460  read  from  Stability 
and  Instability  on  page  101  to  Optical  Phenomena 
on  page*  106  and  answer  questions  42  through 
45. 

42.  When  the  lifting  force  is  removed,  what  is 
the  stability  of  an  air  parcel  that  tends  to  move 
still  farther  away  from  its  original  position? 

A.  Unstable 

B.  Absolutely  unstable 

C.  Conditionally  stable 

D.  Stable 
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43.  What  is  the  stability  of  a  column  of  air  if 
the  lapse  rate  is  less  than  the  saturation  adia- 
batic  lapse  »ate?  * 

A.  Absolutely  stable 

B,  Conditionally  stable  \> 
C    Relatively  unstable 

D.    Conditionally  unstable  4 

44.  When  ybu^are  determining  energy  areas  on  an 
AROW  AGRAM,  what  is  .the  average  thickness  of 
tne  layer  of  air  that  you  should  use  in  the  compu- 
tation of  the  average  mixing  ratio? 

A.  10$  millibars 

B,  100  feet 

-    C.    100  ^meters 
D.    100  kilometers 

45.  As  a  parcel  of  air  is  lifted,  at  what  rate  of 
temperature  change  do  the  dewpoifit  and  the  dry- 
bulb  temperature  approach  each  other? 


A. 
E. 
C. 
D, 


0.55*  C  per  1,000  feet 
re  per  1,000 feet 
3.2*  F  per  l,000.feet 
4.5*  F  per  1,000  feet 


SIXTH  ASSIGNMENT 


In  Pamphlet  No.  460  read  from  Optical  Phe- 
nomena on  page,  106  through  page  115  and  answer 
questions  46  through  50. 

46.  What  does  the  colpr  of  visible  light  depend 
upon?       ^  * 

A.  .Frequency  ONLY 

B.  /  Wavelength  ONLY 

C.  Frequency  and  wavelength 

D.  Density  of  the  medium  through  which 
light  travels 


47.  What  property  of  an  object  permits  virtually 
100  percent  of  the  light  striking  the  object  to 
pass  through  the  object? 


A. 
B. 
C. 
D. 


Opacity 
Transparency 
Translucency 
Absorptivity 


v 


48.  Which of  the  following  terms  describes 
sunlight  glancing  from  the  ripples  on  a  lake? 

A.  Incident  transmission 

B.  Specular  reflection 

C,  Diffused  reflection^ 

D,  Regular  reflection  *  * 


49.  If  the  speed  of  light  travels  through  the  air 
twice  as  fast  as  light  travels  through  a  particular 
substance,,  what  is  the  refraction  index  of  that 
substance? 


A.  0,25 

B.  0,5 

C,  2 

D,  4 


50.  What  two  primary  colors  in  overlapping  beams 
will  produce  a  light  of  the  secondary  color  cyan? 

r 

A.  Yellow  and  magenta 

B.  Green  and  red  ^ 

C.  Blue  and  red 

D.  Blue  and  green 


f 
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Xlx    LESSON  3  • 
GEOLOGICAL  AND  PHYSICAL  OCEANOGRAPHY 


/ 


FIRST  ASSIGNMENT 


In  Pamphlet  No,  461  readfrom page  1  through 
page  7  and  answer  questions  1  through,  11, 

1.  Which  of  the  following  oceanic  areas  has  an- 
approximate  one-to-one  ratio  with  the  earth's 
total  land  cover? 

A,  Antarctic 

B.  Atlantic 

C,  Indian 

D.  Pacific 


has  the  LONGEST 


2,  What  continental  nation 
border  with  the  ocean? 

A,  Australia 

B,  Canada 

C,  Soviet  Union 

D,  United  States 


3.  The  Federal  government's  broad  national 
objective  in  oceanography  is  to  . 

A.  protect  life  and  property  ^ 

B.  comprehend  and  exploit  the  ocean 

C.  strengthen  basic  science 
D#  manage  ocean  resources 

4.  What  federal  organization  hSs  the  FINAL 
review  and  approval  of  annual  reports  submitted 
by  the  Interagency  Committee  on  Oceanography? 

A.    Environmental  Protection  Agency 
B*    Commission  on  Marine  Science 

C.  Federal  Council/ for  Science  and  Tech- 
nology / 

D.  National  Oceanap  and  Atmospheric  Ad- 
ministration 

5.  Early  international  cooperation  in  the  fields 
of  oceanography  were  stimulated  by  the  efforts 
and  reports  of  ,  - 

A.  Captain  Cook 

B.  Lieutenant  Maury 

C.  Sir  John  Murray  ' 

D.  Conimander  Wilkes 


6.  Many  of  the  world's  marine  biological  sta- 
tions are  modelled  after  the  station  in  . 

A.  La  Jolla,  California 

B.  Nanaimo,  British  Columbia 

C.  Naples,  Italy 

D.  Vladivostok,  U.S.S.R. 

7.  Early  exploration  of  Alaskan  coastal  waters 
included  environmental  data  and  samples  collected 
by  scientists  aboard  the  cutter  . 

A.  BEAR 

B.  BALTIMORE 

C.  HAMILTON 

D.  LINCOLN 

8.  In  what  year  did  the  Coast  Guard  begin 
operations  in  support"  of  the  International  Ice 
Patrol? 

A.  1912 

B.  1914 

C.  1917 

D.  1919 

9.  What  type  of  oceanographic  plan  did  the  Coast 
Guard  develop  in  response  to  Section  94  (Ocean- 
ographic Research),  Title  14,  USC? 

A.  A*  ten-year  operational  plan 

B.  A  nine-year  provisional  plan 
■C.  A  five-year  long-range  plan  N 
D.  A  two-year  temporary  plan 

10.  Any  request  for  assistance  in  cooperative 
oceanography  projects  that  duplicate  established 
programs  requires  the  approval  of  the  . 

A.  Commandant 

B.  area  commander 

C.  district  commander 

D.  Coast  Guard  Oceanographic  Unit 

11.  Which  of  the  following  cutters  is  designated 
a  WAGO? 


A. 
B. 
C. 
D. 


CASCO 
LAUREL 
GLACIER 
ACUSHNET 
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«   SECOND  ASSIGNMENT 

In  Pamphlet  No.  461  read  from  page  9 
through  page  17  and  answer  questions  12 
through  21. 

12.  The  watefr  of  the  ocean  accounts  for  what 
percent  of  the  water  on  earth? 

A.  55% 

B.  70% 

C.  85% 

D.  95% 

13.  The  earth's  mantle  is  also  called  the      *  . 

A*  asthenosphere . 

-  B.  centrosphere 

C.  exosphere 

D.  lithosphere 

14.  Which  of  the  following  areas  of  the  earth 
contains  the  GREATEST  mass? 

.  A.  Crust 

B.  Mantle 

C.  1  Inner  core 
D#   Outer  core 

15.  On  a  global  scale,  the  overall  average  for 
the  width  of  the  continental  shelf  is  miles. 

*     A.  300 

B.  100 

C.  30 

D.  10 

16.  What  two  features  bound  the  area  referred 
to  as  the  Continental  Rise? 

1.  Continental  Slope 

2.  Continental  Break 

3.  Continental  Borderland 

4.  Ocean  Basin 

A.  3  and  4 

B.  2  and  3 

C.  1  and  4 

D.  1  and  2 

17.  Of  the  major  underwater  ridges,  the  widest 
ridge  is  located  in  the  Ocean. 

A.  Indian 

B.  Pacific 

C.  Atlantic 

D.  Arctic 
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18.  „The  major  cause  of  bottom  topography  mod- 
ification in  the  ocean  is  a  result  of  . 


A.  water  currents 

B.  wave  action 

C.  severe  storms 

D.  sedimentation 

19.  From  the  following  list  of  pelagic  sediments, 
the  only  siliceous  category  is   ooz§, 

A.  radiolarian 

B.  globigerina 

C.  coccolith  * 

D.  pteropod 

20.  Which  of  the  following  classifications  are  used 
MOST  often  to  classify  terrigenous  deposits  on 
a  sea  floor? 

1.  Color 

2.  Texture 

3.  Composition  of  material 

A.  2  and  3  only 

B.  1  and  3  only  - 

C.  1  and  2  only 

D.  ,  1,  2,  and  3 

21.  The  reflection  mode 'of  sound  transmission 
is  affected  most  seriously  by  bottom  ' 

A.  absorption 

B.  reverberation 

C.  scattering 

D.  topography 


THIRD  ASSIGNMENT 

In  Pamphlet  No.  461  read  from  page  19  to 
Transparency  on  page  28  and  answer  questions 
22  through  36. 

22.  Which  of  the  following  recent  developments 
has  had  the  GREATEST  impact  on  the  field 
of  oceanography?  < 

A.  Improved  instrumentation- 

B.  High  speed  computer  systems 

'  C.t  Refinement  of  observational  teohniques 
D.    Cooperation  among  science  specialists 
in  many  fields 


CO 


23.  In  middle  iatitudgs^e  mixed  layer  of  the 
ocean  extends  to  irTaverage  depth  of^  t  feet. 

300    f * 

900    1  \% 


A. 
B. 
C. 

a 


1,200 
1,500 


24.  An  increase  in  "scattering  within-  a  layer  of 

water  will  also  increase    within  the 

same  laver.  \ 


A. 
B. 
C. 
D. 


radiation 
absorptjon 
conduction 
reverberation 


25.  In  open  ocean  areas,  sea  surface  tempera- 
tures show  the  GREATEST  diurnal  variation  in 
 1  regions.  - 

A.  semi-polar 

B.  temperate 

C.  tropical 

D.  polar 

26.  Tne  GREATEST  decrease  in  temperature 
through  tne  thermocljne  layer  is  found  at 


latitudes. 

A.  low   ,  * 

B.  high 

1   C.  lower-middle 
D.  upper-middle 

27.  Which  of  the*  following  constituents  of  sea 
water  represents  the  GREATEST  /portion  of 
dissolved  solids  in  a  water  sample? 

m  V 

A.  Sodium  . 

B.  '  Potassium 

C.  ^  Magnesium 

D.  Ch^orioe 

28.  Throughout  the  world,  which  of  the  following 
faptors  controls  the  average  Surface  salinity 
distribution?      \  * 

A.  River  discharge  and  land  runoff  combined 
with  precipitation  r 

B .  The  effect  of  ocean  currents  and  evapora- 
tion 

C.  The  difference  between  evaporation  and 
precipitation 

D.  'The  amount  pi  ice  deterioration  and 

precipitation 


29.  The  pressure  at  a  depth  of  100  fathoms 
is  approximately  .  \ 


A. 
B. 
C 
D. 

"V  ■ 


200  bars 
,  20  bar's 
100  decibarfc 
10  decibars 


30.  Which  of  the  following  parameters  are  numer- 
ically identical? 


■  1. 
2. 
3. 
4. 


Density 

Specific  volume 
Specific  gravity 
Specific  volume  anomaly 


D. 


1  and  2 

1  and  3 

2  and  3 

3  and  4 


31  Which  of  the  following  actions  decrease 
sea  water  density? 

1.  Precipitation 

2.  Melting  of  ice  • 

3.  Heating 


A. 
B. 
C. 
D. 


1,  2,  and  3 
1  and  2  only 

1  and  3  only 

2  and  3  only 


32.  In  the  ocean,  convective  circulation  is  set 
in  notion  by  which  of  the  following  conditions? 


An  abundance  of  ptf»eipitation 
Heating  of  surface  water 
Formation  of  sea  ice 
•tun- off  from  land 


-33.  The  viscosity  of  sea  water  increases  with  an 
increase  In  which  of  the  following  parameters? 

1.  Temperature 

2.  Salinity 

3.  Pressure 

A.  1  2,  and  3 

B.  1  and  3  only 

C.  2  md  3  only 

D.  2  \nly 
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34.  Of  the  followi|g  actions,  ,which  tends  to 
-  increase  the^specific  heat  of  sea  wates? 

A.  Sea  ice  formation 

B.  Rive*  discharge 

C .  Surf  ace  Pooling 
D#  *  Evaporation 

35.  Wftiich  of  the  following  results  in  an  increase 
in  the  electrical  conductivity  of  a  sea  water  sample? 

A.  Increase  in  temperature  an^or  salinity 
B*   Decrease  in  temperature  and/or  salinity 

C.  Increase  in  temperature  but  decrease  in 
.  salinity 

D.  Decrease  in  temperature  but  increase  in 
salinity 

*  » 

36.  Surface  tension  increases  as  a  result  of 
an  increase  in  , 

A.  salinity 

B.  pressure-  * 
#  C.  temperature 

D.  compressibility^^ 


FOURTH  ASSIGNMENT 


In  Pamphlet  No.  4.61  read  from  Transparency 
on  page  28  through  page  40  and  answer  questions 
37  through  50. 

,  37.  Nearly  one-half  th^T^fft  radiant  energy 
received  at  the  sea  surface  is  absorbed  in*  the 
first  few  ,_9i 

*'  * 

A.  fathoms 

B.  meters 

C.  feet 

D.  inches 

38.  What  percent  of  the  earth's  ice-covered  water 
surface  is  covered  with  glacier  ice? 

A.  0715%  ' 

B.  2.85%  t 

C.  5;00% 

D.  95.00% 


39.  An  ice  MINIMUM  intheNorth\ 
is  generally  present  duringthemc 


>rn  Hemisphere 
ithof 


A. 
B, 
C. 
D. 


September 
August 
July 
June 
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40.  The  average  thickness  of  arctic  polar  pack 
ice 'is  meters. 

.  A.  9.0 

B.  7.Q 

C  4.5 

D.  3.5 


41.  Exposed  openings  in  sea  ice  that  quickly 
freeze  over  are  referred  to  as  , 

A.  .,  leads  * 

B.  cracks 


Cy  polyn/as 
D.  skylights 


42.  Which  of  the  following  locations  produces  The . 
GREATEST  percentage  of  the  world's  glaciers? 

A.  Antarctica 

B.  West  coast  of  Greenland 

C.  East  coast  of  Greenland 

D.  North  coast  of  Ellesmerfe  Island 

\ 

43.  In  the  Greenland  area,  what  is  the  average 
height  of  locally  calved  icebergs? 

^.    20  meters 
B.    50  meters 
j      C.  ^'70  meters 
D.  120  meters  * 


44.  In  polar  waters,  what  per^entagfe  of  the  mass 
of  an  iceberg  remains  submerged? 


A. 
B. 
C 
D. 


67% 
75% 
82% 
90% 


45.  The  velocity  of  sound  in  the*  sea  -fhcr eases 
with  an  increase  in  which  of  the  following  para- 
meters? 

1.  Temperature 
,  2.  Pressure 
3.  Salinity 
*  <# 
A;n^  1,  2,  and  3 

B.  1  and  2  only  " 

C.  1  and  3  only 

D.  2  and  3  only 


/ 
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46.  In  the  mixed  layer,  which  of  the  following 
parameters  tends  to  refract  sound  beams  upward? 

A.  Chlorinity 

B.  "  Conductivity  '  * 
C»  Pressure 

D.  Temperature 

47.  The  reflective  characteristics  of  sound  are 
dependent  upon  which  of  the  following? 

1.    Frequency  of  sound  source 
.   *         2.    Angle  of  incidence 

3.    Pulse  interval  4 

A.  1,  2,  and  3 

B.  1  and  2  only 

C.  1  and  3  only 

D.  2  and  3  only 

48.  Sound  waves  travel  in  straight  lines  if  the 
medium  through  which  they  travel  maintains  a 
Constant  . 

A.  salinity 

B.  speed 

C.  pressure 

P.  temperature 


49.  Which  of  the  following  parameters  may  cause 
reverberation  of  an  emitted  sVind  pulse? 


r 


1.  Sea  surface 

2.  Bottom  topography 

3.  Schooling  fish 


A.  2  and  3'only 

B.  1  and  3  only 

C.  1  $nd  2  only 

D.  1,  2,  aijd  3 


50.  A  sound  channel  in  the  sea  is  characterized 
by  a  . 


A.  density  minimum 

B.  density  maximum 

C.  velocity  minimum 

D.  velocity  maximum 
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^       LESSON  4 
MARINE  BIOLOGY  AND  WATER  MOTIONS 


FIRST  ASSIGNMENT  % 

In  Pamphlet  No.  461  read  from  page  41 
'through  page  53  and  answer  questions*!' through 
12. 


1.  All  marine  Ttfe  is 
categories?  * 


A. 
B. 
C. 
D. 


3,  beflflios, 
3,  bentAos, 


divided  into  what  three 


Pelagic,  beflBios,  and  plankton 
Pelagic,  bentAos,  and  nekton 
Plankton,  nekton/ and  pelagic 
Plankton,  benthos,  and  nekton 


2.  Which  of  the  following  chemical  nutrients 
-become  a  primary  food  source  in  the  sea  as  a 

result  of  photosynthesis? 

A,  Carbonates,  nitrates,  and  silicates 

B.  Carbonates,   nitrates,   and  phosphates 

C,  Phosphates,  nitrates,  and  silicates 

D.  Phosphates,  carbonates,  and  silicates 

3.  Phytoplankton  are  produced  in  which  of  the 
following  oceanic  zones? 


A. 
B. 
C. 
D. 


Mesopelagic 
Euphotic 
Bathypelagic 
Abyssppelagic 


4,  Which  of  the  following  effects  of  marine 
fouling  and  deterioration  is  considered  the  MOST 
serious  to  thgnaval  services? 

A.  Large  dollar  ioss 

B.  Reduction  in  readiness 

■  ,    C.    Impairment  of  vessel  handling 
D.    Deterioration  of  support  facilities 

5,  Which  of  the  fouling  organisms  listed  below 
is  a  crustacean? 

A*  Annelids 

B.  Ascidian 

C.  Shipworms 

D.  Gribbles 

6,  In  MOST  cases,  the  rhythm  of  biolumine  scent 
flashing  depends  upon  the  . 


A.  amount  of  organisms 

B.  type  of  organisms 

C.  kind  of  stimulation 

D.  time  of  stimulation 


7,  During*  daylight  hours, "a  well-defined  deep 
scattering  layer  (D.S.L.)  is  frequently  observed 
at  a  depth  between  meters. 


A. 
B. 
C. 
D. 


10  and  150 
150  and  300 
300  and  350 
400  and  600 


r 


8.  Studies  of  the  deep  scattering  layer  indicate 
the  PRIMARY  food  source  for  biological  make-up 
of  the  layer  is  .  % 

A.  zooplankton 

B  •  phytopl  ankton 

C.  lantern  fish  A 

D.  chemical  nutrients 

9.  A  sound  similar  to  that  of  radio  static  is 
made  by  which  of  the  following  oceanic  dwellers? 

A.  Silver  perch 

B.  ,  Snapping  shrimp 

C.  Barnacles . 

D.  Croakers 

10.  The  MOST  common  noises  produced  by 
ijekton  are  a  product  of  their  . 


A. 
B. 
C. 
D. 


swim-bladder 

claws 

fins 

teeth 


11.,  The  formation  of  a  coral  reef  is  PRIMARILY 
what  type  of  process? 


A. 
•B. 
C. 
D. 


Biological 
Geological 
Chemical 
Physical* 


12.  Which  of  the' following  obnoxious  animals  is 
^classified  as  venomous? 


A. 
B. 

"C. 
D. 


Shark 
Moray  eel 
Barracuda 
Stonefish 
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SECOND  ASSIGNMENT 

In  Pamphlet  No.  461  read  from  page  55  to 
Currents  on  page  59  and  answer  questions  13 
through  18. 

13.  ■  If  the  period  of  a  particular  wave  train  is 
8  seconds,  what  is  the  length  of  waves  in  that 
train? 

A.  41  fefet 

B.  82  feet  • 

C.  164  feet 

D.  328  feet 

14.  The  highest  one-third  of  all  waves  observed 

for  a  given  sea  is  referred  to  as  the  

height. 

A.  wave 

BJ  swell 

C.  average 

D#  significant 

15.  Which  of  the  following  are  characteristics 
of  swell  waves? 

*  1.  Dispersion 

2.  Confused  sea  state 
3*    Angular  spreading 


18.  Which  of  the  following  statements  concerning 
waves  is  true  in  ALL  cases? 


A. 


B. 


Wave  velocity  decreases  when  water 

depth  .decreases"  J 

Wave  direction  changes  as  water  depth 

decreases 

i 

Wavelength  increases  as  the  water  depth 
decreases 

Waves  passing  over  submarine  ridges 
move  faster  than  waves  passing  over 
depressions 


THIRD  ASSIGNMENT 


In  Pamphlet  No.  461  read  from  Currents  on 
page  59  to  Tidal  Phenomenon  on  page  66  and 
answer  questions  19  through  30. 

19.  Knowledge  of  subsurface  ocean  currents,  is 
based  PRIMARILY  upon  . 

A.  temperature  distribution 

B.  salinity  differences 

C.  density  computations' 

D.  direct  observation 


A.  2  and  3  only 

B.  1  and  3  only 

C.  1  and  2  only  - 

D.  1,  2,  and  3 

16.  In  relation  to  a  storm  center  at  sea,  the 
distance  between  wave  crests  is  GREATEST  in 
the  area  that  is  ; 

AM  inside  the  fetch  but  near  the  windward 
end  ck  the  fetch 

B.  inside  the  fetch  but  near  the  leeward 
end  of  the  fetch  ~ 

C.  outside  the  fetch  but  downwind  fropi  the 
leeward  end  of  the  fetch 

D.  outside  the  fetch1  but  upwind  from  the 
leeward  end  of  the  fetch  * 


20.  A  current  in  the  Bering  Straits  is  an  example 
of  which  of  the  following  current  classifications? 

A.  Tidal 

B.  Hydraulic 

C.  Geopotential 

D.  Wind  driven 


21.  What  percentage  of  a  local  wind's  velocity 
is  used  to  determine  the  local  current's  drift? 


A.  33% 

B.  20% 

C.  10% 

D.  2% 


17.  What  wave  factor  determines  when  any  given 
wave  will  be  influenced  by  bottom  topography? 

A,  Height  ■ 

B,  Length  % 

C,  Period 

D,  Amplitude 


22.  The  direction  toward  which  a  tidal  current 
tends  to  move  floating  ^bjects  is  known  as  . 

A.  drift 

B.  plane 

C.  range        _  . 

D.  set  '  J 
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23.  The  MAXIMUM  speed  of  ocean  currents  in 
the  middle  latitudes  rarely  EXCEEDS 
knots. 

A.  5.0 

B.  3.0 

C.  2.0  ? 

D.  0.5  * 


24.  The  deflection  Of  a  wind-driven  current  is 
the  GREATEST  at  which  of  the  following  latitudes? 

A.  65*  S  -K 

'  B.  32*  S 

C.  10* N 

D.  45*  N 


25  A  deep-water  subsurface  ocean  current  main- 
tains nearly  the  same  velocity  characteristics 
of  the  related  surface  current  in  which  of  the 
following  relative  locations? 


A. 

B. 
C. 
D. 


Throughout  the  mixed  layer  andthermo- 
cline  ,  ■ 

The  upper  part  of  the  mixed  layer  only 
The  lower  part  of  the  mixed  layer  only 
Throughout  the  mixed  layer 

26.  With  present  knowledge  "^feurrent  eddies 
near  the  Gulf  Stream,  large  sode  eddies  are 
known  to  exist  for  what  period  of  time? 

A.  In  excess  of  a  month  - 

B.  In  excess,  of  three  months 

C.  Not  longer  than  four  weeks 

D.  Not  longer  than  a  week 


27.  Vertical 
depth  of  


ocean  -currents 
  meters. 


rarely  EXCEED  a 


A. 
B. 
C. 
D. 


100 
300 
500 
1,000 


28.  A  line  of  debris  in  the  open  ocean  indicates 
the  presence  of  a  .  current. 


A. 
B, 
C. 
D. 


cross 
rotary 
downward 
diverging 


*  29.  What  wind  direction  causes  upwelling  along 
the  coast  of  Peru? 

A.  Westerly 

B.  Northerly 

C.  Northwesterly 

D.  Southwesterly 

30.  The  theory  of  ocean  currents  mustbe  modified 

for  water  movement  shoreward  of  the 

contour.  

A.  200-fathom 
A   B.  150-fathom 

C.  '  100-fathom 

D.  50-fathom 


^jJUOTH  ASSIGNMENT 

In  Pamphlet  No. -461  read  from  Tidal  Phe- 
nomenon on  page  66  to  Tidal  Currents  on  page  73 
and  answer  questions  31  through  39. 

81.  What  is  the  term  applied  tq  that  brief  period 
at  high  and  low  tide  when  no  change  of  water 
level  is  apparent? 

A.  Sta^d 

B.  Sladk 

C.  Crest 

D.  Stillwater*/    .  . 

32.  Which  of  the  following  conditions  results  in 
unequal  tidal  freights  between  succeeding  low  and 

a  ^  Place  *  *«*r 

A.  Declination  of  the  moon 

B.  Declination  of  the  sun 

C.  Phasejof  the  moon 

D.  Phasekrf  the  sun 

3hu  A#"«nMluii«I  tide  is  characterized  by  which 
of  the  following  tidal  actions?  - 

A*   Two  «gh  tides  and  one  low  tide  daily 
B.   Two  hifh  and  two  low  tides  daily 

n  hT  tide  md  ^  low  tides  daily 

D.    One  high  and  one  low  tide  daily 

34.  When  the  opposing  effects  of  ttemoonandthe 
sun  are  such  th*  they  produce  low  high  tides  and 
high  low  tides,  A,  tides  are  referred  to  as 
tides,   ■ 


A. 
B. 
C. 
D. 


gravitational 
spring 
lunar 
neap 
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35.  A  perigean  tide  occurs  when  the  moon  is 


A.  aligned  with  the  sun 

B.  opposed  to  the  sun 

C.  closest  to  the  earth 

D#  farthest  from  the  earth 

36.  How  long  is  the  nodal  period  of  the  moon? 

A#  12.4  hours 

B#  18.6  years  - 

C.  24.8  hours 

D#  29.5  days- 

37.  The  level  that  is  used  at  a  tidal*station  from 
which  to  measure  water  height  and  bottom  depth  0 
is  referred  to  as  • 

A.  mean  sea  level 

B.  mean  low  water 

C.  nodal  level 

D.  tidal  datum  4 

38.  A-  desirable  observational  program  to  obtain 
tidal  data  should  be  conducted  over  a  MINIMUM 
time  period  of  one  cycle. 

A.  lunar 

B.  nodal 

C.  solar 
.     D.  tidal 

29£  Which  of  the,  following  Tide  Tables  provides 
information  for  finding  the  approximate  height  of 
the  tide  at  any  time  between  low  andlhigh  water? 


A.  Table  1 

B;  Table  3 

C.  Table  5 

D.  Table  7 


FIFTH  ASSIGNMENT 


In  Pamphlet  No.  461  read  from  Tid 
on  page  73  through  page  78  and  answe 
40  through  50. 


u  Currents 
/  questions 


40.  At  which  of  the  following  locations  is  a 
tidal  current  MOST  pronounced? 

A#   At  harbor  inlets 

B.  At  broad  river  mouths 

C.  .  Near  coastal  bays 

D.  Near  offshore  islands  * 


41.  A  hydraulic 
changing  


tidal  current  is  a  result  of 


A.  water  height 

B.  water  velocity 

C.  current  set 

D.  current  drift 


42.  An  offshore,  unrestricted  tidal  current  is 
referred  to  as  a/ an  current. 

A.  elliptical 

B.  hydraulic 
Cv  perigean 
D.  rotary 

43.  An  offshore,  semidiurnal  tidal  current  re- 
quires what  MINIMUM  time  period  to  complete 
an  elliptical  pattern? 

A.  3.1  hours 

B.  6.2  hours 

C.  12,4  hours 

D.  24.8  hours 

44.  What  time  period  is  used  to  obtain  the  mean 
value  of  a  tidal  current? 


A. 
B. 
C. 
D, 


19  years 

1  year 

6  months 
28  days 


-/ 


i 

45.  Which  of  the  following  conditions  can  cause 
a  nontidal  current  to  occur?  1 

A.  Moon  phase  / 

B.  Local  wind  {> 

C.  Water  stand  » 

D.  Slack  water  4  , 

46.  Which  of  the-  -following  statements  BEST 
describes  tidal  current  actioj*  in  an  inland  stream 
or  estuary? 

A.   The  velocity  maximum  of  the  current 

is  reached  near  shore 
-B.    The  velocity  maximum  of  the  current 

is  reached  at  half-tide 
*C.   The  tidal  current  reverses  first  near 

shore 

D#   The  tidal  current  reverses  first  at 
midstream 
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47.  The  velocity  of  an  outgoing  tidal  current 
is  generally  STRONGEST  near  the  . 

A.  surface 

B.  bottom 

C.  left  bank,  as  you  look  downstream 

D.  right .  bank,   as  you  look  downstream 


48.  How  often  are  Tidal  Current  Tables  published 
by  NOAA? 


A.  Monthly 

B.  Annually 

C.  Quarterly 

D.  Semiannually 


49.  From  the  list  below,  what  data  are  contained 
in  Tidal  Current  Tables? 

.1.  Times  and  strengths  of  flood  currents 
2.  Times  and  strengths  of  ebb  currents 
.  3.  Times  of  slack  water 

A.  1,  2,  and  3 

B.  1  and  2  only 

C.  1  and  3  only 

D.  2  and  3  only 

50.  Which  of  the  following  portions  of  Tidal  Cur- 
rent Tables  contains  information  about  velocity 
MAXIMUMS  of  a  current? 

A.  .  Table  5 

B.  Table  3 

C.  Table  2 

D.  Table  1 


/ 
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LESSON  5 


3l 


BASIC  METEOROLOGY  AND  METEOROLOGICAL  ELEMENTS 


FIRST  ASSIGNMENT 

In  Pamphlet  No,  462  read  from  page  1  through 
page  13  and  answer  questions  1  through  23. 

1.  An  early  collection  of  meteorological  material 
widely  recognized  as  an  authoritative  treatise 
on  weather  was  written  by        ;  . 


6.  Which  of  the* following  earth's  motion  have 
an  effect  on  world-wide  weather  patterns? 

1.  Precessional.  motion 

2.  Revolution 

3.  Rotation 

4.  Solar  motion 


A.  Virgil 

B.  Aristotle 

C.  Hippocrates 

D.  Theophrastus 


2#.  Which  of  the  following  men  invented  the  air 
thermometer? 

A.  Bacon 

3.  Hooke  - 

C.  Galileo 

D.  Torricelli 


3.  The  pojar  front  and  wave  theory  of  cyclorfe 
development  was  the  work  of 


A.  Haley 

B.  Boyle 

C.  Byers 

D.  Bjerknes 


4.  Since  WWII,  the  MAJOR  advancement  in 
theoretical  and  practical  meteorology  has  been 
in  the  field  of  ' 

A.  physics  .4 

3.  chemistry 

C.  electronics 

P,  mathematics , 


5.  MOST  of  the  energy  radiated  by  the  ?un  is 
in  the  form  of  waves. 

A.  Keat 

B.  light 

C.  electric 

D.  ultraviolet 


A.  1,  2,  3,  and  4 

B.  2,  3,  and  4  only 

C.  2  and  3  only 

D.  3  and  4  only 

7.  The  sun's  rays  shine  perpendicular  to  the 
Tropic  of  Capricorn  during  the  ; 

A.  winter  solstice 

B.  vernal  equinox 

C.  summer  splstice 

D.  autumnal  equinox 

8.  -That. area  of  the  earth  between  the  Tropic 
of  Capricorn  and  the  Tropic  of  Cancer  is  referred 
to  as  which  of  the  following? 

1.  Equatorial  Zone 

-2.  Torrid  Zone 

3.  Tropical  Zone 

4.  Tropics 

A,  1,2,  3,  and  4 

B,  1,  2,  and  3  only 

C,  1,  2,  and  4  only 

-    D.    2,  3,  and  4  only  ^ 

9.  Which  of  the  following  characteristics  of  a 
substance  has  the  GREATEST  effect  on  type 
and  intensity  of  the  -electromagnetic  energy  ra- 

,  diated  by  the  substance? 

A.  Size 

B.  Color  ' 

C.  Composition 

D.  Temperature 

10.  Which  of  the  following  methods  of  heat  transfer 
has  the  LEAST  effect  in  meteorology? 

A.  Advection 

B.  Conduction 

C.  Convection 

D.  Radiation 
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11.  The  temperature  of  the  earth's  surface  being 
heated  by  oblique  rays  is  lower  than  the  surface 
area  heated  by  perpendicular  rays  because  of 
the  . 

A.  absorption  of  light  rays 

B.  dispersion  of  eaergy 

C.  scattering  of  enetrgy 

D.  reflection  of  light  rays 


12.  On  an  average,  the  earth  absorbs  what  per- 
centage of  incoming^solar  radiation? 


A.  25% 

B.  36% 

C.  51% 

D.  75% 


17.  Of  the  following  atmospheric  zones,  which 
zone  is  NOT  a  meteorological  classification? 

A.  Thermosphere 

B.  Stratosphere 

C.  «  Ozonesphere 

D.  Exosphere 


18.  Above  what  area(s>  of  the  earth  does  the 
troposphere  extend  to  the  GREATEST  height? 

A.  The  Equator 

B.  The  poles 

C.  The  mid-latitudes 

O.    The  poles  in  summer  and  the  Equator 
in  winter 


13.  What  is  the  average  albedo  of  the  earth? 

A.  Between  13  and  28  percent 

B.  Between  36  and  43  percent 

C.  Between  45  and  52  percent 

D.  Between  55  and  65  percent 


14.  When  the  sun  is  directly  overhead,  which  of 
the  following  surfaces  will  have  the  LOWEST  al- 
bedo? 

A.  Water 

B.  Forest 

C.  Dirty  snow 

D.  Cloud  tops 


15.  On  an  average,  what  percentage*  of  insolation 
is  absorbed,  by  the  earth's  atmosphere? 

iA.'    3%  * 

B.  8% 

C.  13% 

D.  36%  * 


16.  Practically  all  the  f  adiation  received  in  north- 
ern polar  regions  during  winter  is  a  result  of 


♦ 

A.  counterradiation 

B.  atmospheric  radiation 

C.  terrestrial  radiation 

D.  diffuse  sky  radiation 
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19.  The  iMAXIMUM  amount  of  water  vapor  an 

ai*  parcel  can  hold  is    percent  by 

volume. 

A.  one 

B.  four 

C.  six 

D.  ten 


20.  The  composition  of  the  air  above  the  tropo- 
pause  is  about  the  same  as  the  air  below  the 
tropopause  EXCEPT  for  the  amount  of  . 

A.  oxygen 

B.  nitrogen 

C.  carbon  dioxide 

D.  water  vapor 


21.  Absorption  of  ultraviolet  radiation  by  ozone 
results  in  a  temperature  increase  in  the  . 

A.  exosphere 

B.  mesosphere 

C.  troposphere 

D.  stratosphere 


22.  The  COLDEST  temperature  in  the  atmosphere 
is  reached  at  the  base  of  the   . 

A.  mesopause 

B.  mesosphere 

C.  stratopause 

D.  stratosphere 
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23.  The  forecast  of  temperature  inversions  is 
MOST  frequently  made  for  which  of  the  following 
electrical  layers  of  the  atmosphere? 


A, 
B. 
C, 
D. 


-D-layer 
Ionosphere 
Ozonesphere 
Troposphere 


28,  In  an  area  of  unobstructed  air  flow,  the  tem- 
perature of  the  air  near  the  earth*s  surface  is 
referred  to  as  the   temperature. 


A. 
B. 
C. 
>D. 


mean 
free  air 
virtual 
potential 


SECOND  ASSIGNMENT 


29.  Which  of  the  following  will  cause  water 
vapor  to  condense  in  a  closed  container  of  sat- 
urated air? 


In  Pamphlet  No.  462  read  from*  page  15 
to  Clouds  on  page  23  and  answer  questions  24 
through  38. 


24.  The  MOST  dominant  meteorological  element 
controlling  the  type  and  intensity  of  weather  is 


A.  wind 

B.  pressure 

C.  temperature 

D.  water  vapor  j 

25.  What  physical  characteristics  of  air  cause 
the  air  to  exert  pressure? 


A, 
B. 
C. 
D. 


Weight  and  density 
Elasticity  and  density 
Compressibility  and  volume 
Elasticity  and  compressibility 


26.  Temperature  is  a  measure  of  which 
following  parameters  of  a  substance? 


of 


A.  Increase  in  pressure 

B.  Increase  in  temperature 

C.  Decrease  in  temperature 

D.  Decrease  in  pressure 

30.  Which  of  the  following  humidity  terms  is/are 
expressed  in  percentage  form? 


1.  Relative  humidity 

2.  Mixing  ratio 

3.  Saturation  mixing  ratio 

only 

and  2  only  - 
and  3  only 


31. 
in 


A. 
B. 
C. 
D. 


1 
1 
1 

1,  2,  andJK 


The  DIREQT  cause  of  windflow  is  variation 


A. 
B. 
C 
D. 


temperature 
pressure 
humidify 
density 


1.  Heat  intensity 

2.  Molecular  motion 

3.  Hotness  or  coldness 


32.  Which  of  the  following  luminous  meteors  is 
NOT  related  to  clouds  which  result  in  adverse 
weather  conditions? 


A, 
B, 
C. 
D, 


1,  2,  and  3 

1  and  3  only 

2  and  3  only. 

3  only 


A.  Halos 

B.  Coronas 
C-  Auroras 
D.  Rainbows 


27.  How  many  scale  divisions  are  there  between 
the  boiling  and  the  freezing  point  of  water  on  the 
Kelvin  temperature  scale? 


33.  Light  rays  which  enter  a  substance,  are 
bent  within  the  substance,  and  leave  the  substance 
at   a  different  angle  have  been   . 


A.  459 

B.  273 

C.  18Q 

D.  100 


A.  diffracted 

B.  refracted 

C.  diffused 

D.  reflected 
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34.  Which  of  the  following  atmospheric  phenomena  39.  Which  of  the  following  conditions  are  re- 
are  electrical  in  nature?  quired  for  cloud  formation? 


1.  Fogbows 

2.  Auroras 

3.  Airglow 

A.  lt  2,  and  3 

B.  1  and  2  only 

C.  1  and  3  only 

D.  2  and  3  only 

35.  A  very  red  ^appearance  of  the  sun's  disk  at 
sunset  is  a  result  of  , 

A.  smoke 

B.  sand 

C.  haze 

D.  dust 

36*  All  frozen  forms  of  precipitation  are  re- 
ferred to  as   , 

A.  lithometeors 

B.  hydrometeors 

C.  igneoust  meteors 

p      D.   luminous  meteors 


37.  Of  the  following  solid  forms  of  precipitation, 
the  equivalent  of  drizzle  is  _. 

A.  hail  * 

B.  sleet  .  .  " 
C#    snow  grains 

D.    snow  pellets 


38.  Accretion  is  the  process  by  which  water 
droplets  _  , 

A.  grow  in  size  by  continued  condensation 

B.  sublimate  into  ice  crystals  because  of 
air  turbulence 

C.  evaporate  and  then  sublimate  directly 
into  ice  crystals 

D.  accumulate,more  layers  by  colliding  with 
and  holding  smaller  droplets 


THIRD  ASSIGNMENT 


In  Pamphlet  No.  462  read  from  Clouds  on 
page  23  through  page  38  and  answer  questions  39 
through  50. 


A. 
B. 
C. 
D. 


1.  Sufficient  wind 

2.  Presence  of  moisture 

3.  A  cooling  process 

4*  Presence  of  hygroscopic  nuclei 

1,  2,  and  3 

1,  3,  and  4  *+ 
'2,  3,  and  4 
2  and  4  only 


40.  Radiational  cooling  is  a  process  that  cools 
the  air  by     ,   . 

A.  contact  with  a  cooler  surface 

B.  reradiation  of  long- wave  energy 

C.  reradiation  of  short-wave  energy 

D.  contact  with  an  overlying  cooler  air 
parcel 


41.  In  polar  regions,  what  is  the  EXTREME  lower 
limit  of  the  high  etage? 

A.  20,000  feet 

B.  16,500  feet 

C.  13,000  feet 

D.  10,000  feet 


42.  Which  of  the  following  cloud  species  is  NOT 
associated  with  cumulus  clouds? 

A.  Congestus  , 

B.  Humilis 

C.  Mediocris 

D.  Spissatus 


43.  The  ice  crystal  composition  of  cirrus  clouds 
determines  which  of  the  following  characteristics 
of  cirrus  clouds? 


A. 
B. 
C. 
D. 


1.  Shape, 

2.  Height' 

3.  Transparency 

3  only  O 
2  and  3  only 
1  and'3  only* 
1,  2,  and  3 
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44.  A  cloud  type  that  is  NOT  divided  into  any 
species  but  exists  in  several  varieties  is_  ^ 

A.  altos  tratus 

B.  *  cirrostratus 

C.  nimbos  tratus 

D.  stratocuraulus 

45.  Heavy,  intermittent  showers,  sometimes  rab^ 
ed  with  hail,  are  a  characteristic  form  of  precip- 
itation sg^ociated  with   clouds. 

A.  stratus     \  , 

B.  altostratus 

C.  cumulonimbus 

D.  nimbostratus  ! 

46.  By  which,  of  the  following  processes  may 
saturatiqn  of  an  air  mass  be  reaphed? 

A^^ti  increase  in  temperature 
Br^hsjrf^rease  in  dewpoint  ^ 

C.  A  decrease  in  humidity 

D.  A  decrease  in  dewpoint 

47.  Fo£  produced  by  the  transport  of  moist  air 


48.  Sea  fog  is  formed  when  the  wind  transports 


over  a  cooler  surface  Preferred  to  as 

A.  frontal 

B.  upslope 

C.  advection 

D.  radiation 


°  A.   moist,  cool  air  over  a  warmer  ocean 
surface 

B.  moist,  warm  air  over  a  colder  ocean 
surface 

C.  dry,  cool  aii*  over  a  warmer  ocean  surface 

D.  dry,  warm  air  over  a  colder  ocean  surface 

4'9.  What  type  fog  is  formed  as  a  result  of  an 
increase  in  dewpoint?- 

A.  Sea  fog 

B.  Steam  fog  - 

C.  Radiation  fog 

D.  Land  advection  fog 

50.  Dew  which  is  frozen  after  forming^s  referred 
to  as 


,  fog. 


A.  "frost 

B.  hoarfrost 

C.  deposit  ice 

D.  white  dew 


/ 


1 
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LESSON  6 

ATMOSPHERIC  CIRCULATION,  AIR  MASSES,  FRONTS,  AND  SPECIAL  PHENOMENA 


3i 


FIRST  ASSIGNMENT* 


In  Pamphlet  No.  462  read  from  page  39 
to  Secondary  Circulations  on  page  48  and  answer 
questions  1  through  9. 


1.  Circulation  within  the  atmosphere  that  is 
modified  by  minor,  local  meteorological  conditions 
is  referred  to  as  circulation. 

A.  general 

N     B.  tertiary 

C.  secondary 

•  D.  primary 

2.  General  global  circulation  is  set  in  motion 
by  which  of  the  following  parameters? 

A.  Density 

B.  Moisture 

C.  Pressure' 

D.  Temperature 

3.  If  we  consider  basic  temperature  gradients 
over  the  earth,  in  what  month. 'do  the  steepest 

^  gradients  occur  in  the  Southern  Hemisphere? 

A.  June  ^ 

B.  March  • 
C*  September 

D.  December  * ' 

4.  The  polar  regions  of  the  earth  are  areas 
of  

A.  migratory  low  pressure 

B.  permanent  low  pressure 

C.  permanent  high  pressure 
P.  seasonal  high  pressure 


6.  Vertical  circulation  in  the  atmosphere  is 
found  at  which  of  the  following  latitudes?    -  ^ 

A.  0V30#,  60#,  and  90#  * 

B.  0*  and  60*  only 

C.  30*  and  60*  only 

D.  30*  and  90°- only 


7.  A  wind  that  blows  parallel  to  curved  isobars 
is  referred  to  as  a/ an  wind. 

» 

A.  geostrophic 

B.  gracjient 

C.  isailpbaric  : 

D.  cyclostrophic 

8.  Friction  affects  the  direction  of  wind  flow 
to  an  average  altitude  of  feet. 


A. 
B. 
C 
D. 


10,000 
8,000 
5,000 
3,000 


9.  An.area  of  divergence  is  generally  associated 
with  an  area  of  J  . 

A.  precipitation 

B.  upward  air  flow 

C.  inward  air  flow 

D.  high  barometric  pressure  *-  - 


SECOND  ASSIGNMENT 


In  Pamphlet  No.  462  read  from  Secondary 
Circulations  on  page  48  through  page  58  and 
answer  questions  10  through  21. 


5.  The  3-celi  theory  of  atmospheric  circulation 
divides  the  earth  into  how  many  circulation 
belts?  •  * 


10.  In  the  Northern  Hemisphere,  the  sub- tropical 
high  over  the  Pacific  Ocean  is  WEAKEST  during 
the  # 


A.  Three 

B.  Four 

C.  Six 

D.  Eight 


A.  autumn 

B.  winter 

C.  spring 
D#  summer 
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11.  Which  of  the  following  atmospheric  conditions 
are  conducive  to  anticyclonic  formation  during 
winter  over  continental  areas? 

A.  Low  temperature  and  high  density 

B.  Low  temperature  and  low  density 
C#  High  temperature  and  high  density 
D.  High  temperature  and  low  density 

12.  What  frontal  system  has  the  GREATEST 
effect  4on  the  weather  of  the  United  States? 

A.  Arctic  front 

B.  Polar  front 

C.  Temperate  front 
D#  Extratropical  front 

13.  A  counterclockwise  circulation  of  air  in  the 
Southern  Hemisphere  is  known  as  a/an  . 

A.  cyclone 

B.  tornado 

C.  hurricane 
O.  anticyclone 

14.  Which  of  the  following  conditions  describes 
cycloysis? 

A.  Decrease  and  extinction  of  a  cyclone 

B.  Formation  of  a  new  cyclone 

C.  Intensification  of  an  existing  cyclonet 

D.  Second^  stage  of  cyclone  development 

15.  What  type  of. weather  is  generally  associated 
with  a  monsoon  circulation  in  winter? 

A.  Clear  skies 

B.  Violent  showers 

C.  Moderate  intermittent  showers^ 

D.  Considerable  convective  cloudiness 


16.  Which  ,of  the  following  characteristics  is 
associated  with  the  Jetstream? 

•A.   The  ( velocity  of  a  particular  Jetstream 
is  constant  everywhere 

B.  The  depth  of  the^  Jetstream  exceeds  the 
width  of  the  stream 

C.  A  relationship  exists  between  a  break 
in  the  tropopause  and  the  Jetstream 

D.  A  Jetstream  nearly  always  flows  west- 
ward 


17.  In  what  direction  do  tertiary  winds  tend  to 
blow  in  areas  of  adjacent'iand  and  water  bodies? 

A.  From  land  toward  water  during  daylight 
and  darkness 

B.  From  water-toward  land  during  daylight 
and  darkness 

Jfy.    From  land  toward  water  at  night  and  from 

water  toward  land  during  the  day 
D.    From  water  toward  land  at  night  andfrom 
land  toward  water  during  the  day 

18.  Which  of  the  following  winds  are  classified 
as  anabatic? 

A.  Foehn 

B.  Valley 

C.  Glacier 
O.  Mountain 

19.  A  chinook  wind  is  warmed  as  a  result  of  the 


A.  expansion  of  ascending  air 

■  .B.  expansion  of  descending  air 

C.  compression  of  descending  air 

D.  contraction  of  ascending  air 

20.  _  A  glacier  wind  is  generally  characterized 
as  . 

A.  warm  and  dry 

B.  warm  and  moist 

C.  cold  and  moist 
cold  and  dry 

21.  For  which  of  the  following  reasons  is  the 
hazard  to  aircraft  GREATER  on  the  leeward 
side  of  steep  mountains  than  the  windward  side? 

A.  Updrafts  are  more  pronounced  on  the 
leeward  side 

B.  Severe  downdrafts  often  accompany  the 
pronounced  eddies  on  the  leeward  side 

C.  Frftftion  is  more  "pronounced  on  the 
leeward  side 

Eddies  tend  to  be  stationary  On  the 
leeward  side 


D. 


THIRD  ASSIGNMENT 


In  Pamphlet  No.  462  read  from  page  59 
through  page  66  and  answer  questions  22  through 
31. 
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22.  Wh&t  are  the  two  basic  classifications  of 
air  masses?  r 

A.  Continental  and  maritime  - 

B.  .Moisture  content  and  geographical 
C#*  Geographical  and  thenftodynamical 

D.   Moisture  content  and  thermodynamical 

23.  Which  -of  the  following  reasons  points  to  the 
difference  between  cPk  ^ahd  cPw  air  masses? 

A,  cPk  originates- over  continents 

B.  cPk  originates  in  polar  regions 

C#  cPk  air  is  colder  than  the  underlying 
surface  \^ 

D.  cPk  is  warmer  than  the  underlying 
surface 

24.  Which  of  the  following  air  masses  has  the 
HIGHEST  moisture  content?  " 

A«  Superior 

B.  Equatorial 

C.  Maritime  arctic 

D.  Maritime  polar 

25.  Which  of  the  following  will  effect  a  change 
in  the  type  of  weather  associated  with  a  particular 
air  mass? 

1«    Speed  of  air  mass  N 

2,  Underlying  terrain 

3,  Direction  of^air  ma$s  travel 

A,  1,  2,  and  3 

B,  1  and  2  only 
*C#  1  and  3  only 
D.  2  and  3  only 

26 v  During  winter,  the '  occasiohal  heavy  dowrf- 

pbur^falong  the  Califprnia  coast  are  associated 

with  which  of  the  following  air  masses? 
* 

A.   Continental  tropical 
B#    Continental  pofear 

C.  Maritime  polar 

D.  Maritime  tropical 

27 #  From  the  list  below,  which  areas  are  source 
regions  for  continental  tropical  air  masfces? 

1«  Interior  of  Russia  ' 

2#  Northern  Africa  .  w 

i  3,  Asia  Minor 

4,  Interior  of  Australia 

'A#  1,  2,  3,  and  4 

,  ,  B#  1,  2,  and  3  only  ) 

fc>  1,  3,  and  4  only  * 

D#  2,  3,  and  4  only 


28*  The  MOST  .predominant  air  mass  of  the 
Southern  Hemisphere  is  _^   «' 

A.  maritime  tropical 

B,  maritime  polar**  *  • 

)  C#   continental  polar  *  ■ 

^  D,  .  continental  tropical  * 

29,  During  the  summer,  which  of  the  following 
air  masses  are  associated  with  the  sea  fogs 
of  the  Grand  Banks? 

A.  Maritime  tropical 

B.  Maritime  pol&r 
C#  Continental  polar 
D.  Continental  tropical 

30,  A  conservative  property  of  an  air  mass 
with  respect  to  dry  adiabatic  temperature  changes 
is  , 

A#  wet«-bulb  temperature 

t  B,  equivalent  temperature 

C.  potential  temperature 
D#  relative  humidity 

31,  When  we  define  aif-mass  properties,  which  of 
the  following  temperatures  use  the  1,000-mb 
level  as  a  point  of  reference? 

✓  ,       1,    Equivalent  temperature 

2;    Equivalent  potential  tempera- 
ture 

3,    Potential  wet-bulb  temperature 

A.  1,  2)  and  3 

'B,  1  and  2  only       ^  , 

C,  1  and  3  only 

D;  2  and  3  only 

*  FOURTH  ASSIGNMENT 

In  Pamphlet  No,  462  read  from  page  67 
through  page  77  and  answer -questions  32  through 
-38/* 

32,  The  distribution  of  cloudiness  and  precipita- 
tion along  a  frontal  surface  is  PRIMARILY 
dependent  upon  which  of  the  following  factors? 

A.  Vertical  velocities  within  the  cooler 
air  mass 

B.  Vertical  velocities  within  the  warmer 
air  mass  * 

C.  Horizontal  velocities  of  the  coldest  air 
mass 

D#   Horizontal  velocities  of 1  the  warmest 
air  mass 


33.. In  the  Northern  Hemisphere,  the  general 
wind  flow  with  the  passage  of  a  warm  front  Is 


A.  a  wind  shift  from  southeasterly  to  south- 
westerly, f 

B,  a  wind  shift  from  northeasterly  to  south* 
easterly 

^    C:  'a  backing  wind  from  southwesterly  to 
southeasterly 
D#   a  backing  wind  from  southeasterly.  toK 
northeasterly 

34#  *  Where*  is  ttie>i|(armest  air  associated  with, 
a. warm  type  orolufiSitf      *;  ,  ; 

A,  *  Ahead  of  the»euifac'e  front  ~*» 
3   B,   Ahead  of  thft  front  aloft 
C#   Behind  the^ront  aloft 
Behind  the  surface  front* 

35.  A  cold  front  that  encounters  colder,  stagnant 
air  on  thp  leeward  side  of  a  ^mountain  range 
becomes  what  type  of  front? 

"  /f  * 

A.  Warm 

B.  Stationary    .  * 
C#   Upper  cold 

D#   Upper  occluded 

36#  Which  of  the  .following  situations  tegds  to 
develop  the  GREATEST  number^  stormcSft^rs? 

A«   A-  cold  air  mass  passkfe  over  *,warm 
ocean  current  <*\ 
'A  cold  air  mass  passing  over -  'a  cold 
ocean  current  *  m  * 

A  warm^air  mass  passing  over  a, cold 
ocean  current        ■*  .;    *  *  r* 
A  warm  air  mass  grfsethg  over  a  warm  , 


B. 
C. 


D. 


ocean  current 


37.  An  easterly  ,wave  that  slopes  to  the  west 
with  altitude  is  referred  to  as  a/an  wave. 

A.  stable 

B.  neutral  .  ■ 

C.  stationary 
D#  unstably 

38.  The  intertropical  convergence  zone  is  the  re- 
sult of  converging   ' 

A.  easterlies 

B.  westerlies 

C.  trade  winds 

D.  antitrade  winds 


J 
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FIFTH  ASSIGNMENT 


In  Pamphlet  No.  462  read  from  page  79 
through  page  92  and  answer* questions  39  through 
50. 


39.  Which  of  the^oliowing  atmospheric  conditions 
are  necessary  for  thunderstorm  formation? 

i 

U    Sufficient  wind 

2,  Presence  of  moisture 

3.  A  cooling  process 

-  *  4.    Presence  of  hygroscopic  nuclei 

A.  1  and  3  only  % 

B.  1,  2,  and  3 

C.  '  1,  2,  and  4 

D.  '2,  3,  and  4 


40.  Downdrafts  are  associated  with  which  of  the 
following  stages  of  thunderstorm  development? 


1«  Cumulus 

2.  Mature 

3.  '  Anvif 


A.  1  and  2 

B.  1  and  3 

C.  2  only 

D.  2  and  3 


41.  Within  a  thunderstorm,  which  of  the  following 
relationships  is  true  concerning  turbulence? 

A.  Turbtilencie  varies  directly  with  the  in- 
tensity of  precipitation 

B.  Turbulence  varies  inversely  with  the 
intensity  of  the  freezing  level 

C.  Turbulence  varies  directly  with  the  in- 
tensity of  the  cloud  formation 

D.  Turbulence  varies  inversely  with  the  in- 
tensity of  snow  and  ice  crystals 


42.  When  flight  is  required  in^reas  of  thunder- 
storm activity,  the  safest  procedure  for  pilots 
to  follSSr  is  to  fly   the  storms. 

A.  through  * 

B.  around  * 
C#  under 

D.  over 


n 
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43.  In  Which  of  the  following  locations  is  tomadic 
activity  MOST  likely  to  develop? 


47.  One  of  the  FIRST  sigps  of  an  approaching 
hurricane  in  the  open  sea  is  a  . 


A.  In  the  trough  of  an  occluded  front 

B.  In  advance  of  a  cold  front 

C.  Behind  a  squall  line 

D.  Along  a  warm  front 

44.  Which  of  the  following  comparative  state- 
ments concerning  hurricane  and  tornado  activity 
fs/areTRUE? 

1;    A  hurricane  has  a'longer  life  cycle 
•  *  2.    A  hurricane  causes  greater  damage 
3.    A  hurricane  has  greater  wind  ve- 
locities    ^  * 


A. 
B. 
C. 
D. 


1  only 

1  and  2  only 
1*  2,  and  3 

2  and  3  only 


45.  Tropical  lows  are  classifiedby_ 

A.  wind  speed 

B.  source  region 
C%   central  pressure 

D.  temperature  gradient 


46.  The  cloud  system  associated  with  an  approach- 
ing tropical  storm  is  characteristic  of  which  of  the 
following  frontal  system's  cloud  distribution? 

A.  Upper  warm  front 

B.  Cold-type  occlusion 

C.  Cold  front 

« D.   Warm  front 


A*  line  of  heavy  cumulonimbus  clouds 

B.  gradual  decrease  in  wind  speed 

C.  well-defined  pressure  drop      ,  *^ 

D.  long,  heavy  sweIF~ 

48.  If  a  tropical  cyclone  is  moving  due  north 
in  the  Northern  Hemisphere,  in  what  direction 
is  the  LEAST  dangerous  quadrant? 

A.  Southwesterly 

B.  Southeasterly 

C.  Northeasterly  J 

D.  Northwesterly  V/ 

49.  Which  of  the  following  conditions  of  readiness 
apply(ies)  to  tornadic  activity? 

1;  Condition  I 

2.  Condition  n 

3.  Condition  III 

4.  Condition  IV 

*  ► 

A.  1,  2,  3,  and  4 

B.  "1,  2,  and  3  only 

C.  •  1  and  2  only 

D.  1  only 

50.  Which  of  the  following  nighttime  coastal 
warning  displays  indicates ,  winds  in  excess  of 
48  knots?-  -  t 

A.  Two  red  lights 

B.  A  red  light  over  a  white  light 
*    C.   A  white  light  over  a  red  light 

D.   A  red  light .  between  two  white  lights 
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LESSON  7 

SURFACE  WEATHER  AND  PHYSICAL  OCEANOGRAPHIC 
OBSERVATIONAL  EQUIPMENT  AND  INSTRUMENTS 


3 


*       -  '  wFIRSTfASSIGNMENT 

In  Pamphlet  No^  463  read,  from'  page  1  to 
Wind  Measuring  Instruments  on  page  15  and 
answfer  questions  1  through  14. 


1.  '  The  mptal  back  on  \i$dcb  a  standard  air 
thermometer  is  mounted  should  be  cleaned  with 


A.  an  ivory,  black  and  oil  mixture 

B.  an  alcohol"  cleaning  agent 

C.  *  any  abrasive  cleaning  agent 

D.  . .  a-bicarbonate  of  soda  solution 


5.  From  the  list  below.,  what  mightcause  failure 
of  the- variable  illumination  characteristic  of  a 
hand  electric  psychrometer  if  the  *fan  motor 
is  operating  properly? 

1.    Defective  illuminating  lamp  . 
t2.    Defective  battery  cells 
m  3.    Defective  rheostat-switch 

A.  1  only  -  ' 

B.  1  or  2 

C.  1  or  3 

D.  1,2,  or  3 


6.    What  does  the  term  "aneroid"  mean? 


2.  A  mercury  air  thermometer  becomes  ineffec- 
tive as  temperatures  approach  


A*  -29T 

B.  -35*F 

*C.  -39#F 

D.  -45TF 


A*~  Without  liquid 

B.  Without  air 

C.  Pressure 

D.  Airborne 


7.  A  pressure  reading  obtained  from  an  aneroid 
barometer  must  be  corrected  for  , 


3,  The  thermometers  of  a  hand  electric  psychro- 
meter (ML-450A/UM)  have  a  temperature  range* 
of 


A. 


140#F 
120#F 
100#F 
D.     80* F 


4.,  You  are  using  a  hand  electric  psychrometer 
and  notice  that  the  mercury  column  of  the  wet- 
bulb  thermometer  has  separated.  Which  of  the 
following  actions  should  -you  perform  FIRST 
to  correct  this  situation?  , 

A.  Replace  both  thermometers 

B.  Replace  the  wet-bulb  thermometer  only 

C.  Heat  the  thermometer  bulb  with  a  lighted 
electric  light  bulb 

D.  Mount  the  wet-bulb  .thermometer  on  a 
sling  and  spin  the  thermometer 


A;  instrument.error 

B.  temperature  change 

C*  gravity  change 

B.  latitude  error 


8.  On  an  ppen-scale  barograph,  sudden  move- 
ment of  the  pen  arm  due 4 to  any  jar  or  shock 
is  Minimized  or  prevented  by  the  "   . 

A.  current  pressure  adjustment 

B.  ,  pen  shock  lever 

C.  rocker  arms 

D.  dashpots 


9.  The  clock  of  an  open-scale  barograph  should 
normally  be  wound  every   . 

A. '  eight  days 
EJ.   four  days  1 

C.  other  day 

D.  day 
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10.  To  remove  dried  ink  from  the  pen  section 
of  an  open-scale  'barograph,  you  should  soak 
the  pen  in      '  ■ 

A.  double-distilled  water 

B*  a  bicarbonate  of  soda  solution 

C.  an  alcohol  and  clock  oil  solution 

D.  the  ink  normally  used  in  the  peri  * 

11.  On  a  marine  barograph,  a  temperature  com- 
pensation device  is  located  in  the  ^_ 

assembly. 

A.  element 

B.  pen  shaft 

C.  chart  drive  ^ 

D.  antibacklash  gear 

12.  TheT  cistern  and  t&e  vertical  glass  tube 
of  a  Fortin  barometer  are  joined  by  a  . 

A.  molded  glass  flare 

B.  piece  of  brass  tubing 

C.  piece  of  soft  kid  leather 

D.  .  specially  configured  glass  bowl 

13.  Without  interpolation,  the  stationary  scale 
of  a  Fortin  barometer  indicates  pressure  readings 
to  the  nearest  inch. 

A.  0.100  " 

B.  0.050 

C.  0.005 

D.  0.002 

14*  What  is  the  basic  difference  between  a  Fortin 
and  a  Tonnelot  barometer? 

A.  The  attached  thermometer 

B.  The  adjustable  vernier 

C.  The  cistern  assembly 
D#  The  mercury  tube 


SECOND  ASSIGNMENT 


In  Pamphlet  No.  463  read  from  Wind  Measur- 
ing Instruments  on  page  15  through  page  38  and 
answer  questions  15  through  27. 

15.  The  wind  speed  indicator -of  a  wind  measuring 

set  (AN/UMQ-5)  is  a/ an  ^graduated 

in- knots. 

A.  wattmeter 

B.  voltmeter 

C.  'ohmmeter 

D.  ammeter 


16.  Ink  penslof  the  recorder  (RD-108/UMQ-5) 
are  fed  by   jj  , 

A«   capillary  action 

B.  a  pressurized  cylinder 

C.  ,  ambient  pressure 

D.  .  vacuum  control 

17^s  Under  normal  operating  conditions^howoften 
shom$}^'e^ba^-,paper  on  th§  AN/VMQ-5  wind 
recorder  be  changed?  *% 

A.  Weekly  - 

B.  Every  ten  days 
'  ~C.   Twice  monthly 

I>.  Monthly 

Which  .of  the  following  components  of  a 
wind  measuring  set  (AN/PMQ-3)  requlre(s)  peri- 
odic lubrication?  ,  - 

1.  Wind  speed  transmitter 

2.  Trigger  assembly 

3.  Mounting  hub 

A.  3  onjy 

B.  2  and  3 

C.  1  and  2 

D.  1  only 

19.  If  the  measuring  tube  of  a  rain  gage  (ML-217) 
were  filled  to  the  half-full  mark,  what  would  be 
the  amount  of  precipitation  present  in  the  tube? 

t 

A.  2.00  inches 
'  B.  fc  0.50  inch 

C.  0.20  inch 

D.  0.05  incfi 

20.  How-  often,  should  winch  controls  be  tested? 

.   A.   Before  each  watch 

B.  Befor^  each  operation 

C.  On  a  daily  basis 
D#    On  a  weekly  basis 

21.  What  are  the  three  basid  parts  of  a  wire  rope? 


1. 
2. 
3. 
4. 


Core 
Fiber 
Strand 
Wire  ■ , 


A.  1,  2,  and  3 

B.  1,-  2,  and  4 

C.  1,  3,  and  4 

D.  2,  3,  and  4 


1  % 

22.  The  process  of  galvanizing  wire  rope  will 
 m  the  rope's  strength. 


27,  What  are 
rope  dip7 


the  three  basic  parts  of  a  wire 


A.  halve  * 

B.  double 

C.  increase 

D.  decrease 


23.  If  the  wires  in  the  strands,  as  well. as  the 
3trands  in  the  rope  itself  are  both  laid  to  the 
right,  the  wire  rope  lay  is  termed '  *   


1.  Crossbar 

2.  U-bolt 

3.  Roddle 

*4.  Nut 

A. 

1, 

2,  and  3 

B. 

1, 

2,  and  4 

C 

1. 

3,  and  4 

0. 

2, 

3,  and  4 

,  A. ,  right  lang  lay 

B.  right  rfegular  lay 

C.  left  reverse  lay 

D.  right  reverse  lay , 


THIRD  ASSIGNMENT 


24..  Most  new  installations  of^oceanographicwire 
are  of  the  type  construction,     •  ■ 

A;  3  x  16  ' 

.  B.  3  x  19 

C.  7x16  • 

D.  7x19 


25.  Which  of  the  following  methods  should  be 
used  to  overwind  right  lay  wire  rope  on  a  drum 
and  to  underwind  right  lay  wire  rope  on  a  drum, 
respectively? 

1.  Left  to  right 

2.  Right  to  left 

A.  1  and  1 

B.  1  and  2         .  ' 

C.  2  and  1 

D.  2  and  2 


26.  Experience  has  shown  that  the  relationship 
of  the  "  diameter  of  a  sheave  to  the  diameter/of 
.the   wire   rope  used  should  be  a  MINIMttM 

*oi  .  .     ,  * 

A.  32  to  1 

B.  20  to  1 

C.  lOtol  , 

D.  2  to  1 


*  '  *  In  Pamphlet  No.  463  read  from  page  39  to 
Mechanical  Bathythermograph  (BT)  on. page  50 
and  answer  questions  28  through  36. 

28.  Under  normal  operating  conditions,  how  often 
should  a  meter  wheel  be  disassembled  and 
inspected  for  internal  wear? 

A.  After  each  cruise 

"  B.  Monthly 

G-  Quarterly*    -.  -  - 

D.  Annually 

29.  Efciring  oceanographic  observations,  which  of 
the  following  operational  characteristics  should 
a  good  safety  program  provide? 


Safe  operation 
Rapid  operation 
Proficient  operation 


1. 
2. 

3- 

A.  1  only 

B.  1  and  2 

C.  l  and  3 

D.  2  and  3 


30.  Safety  instructions  covering  qceahographic 
programs  may  be  issued  at  which  of  the  following 
levels  of  command? 

1.  Commandant 

2.  Area  commander 

3.  District  commander 

4.  Unit  commander 


A.  1  andN2  only 

B.  l  and  4  only  • 

C.  1,  2,  and  4  only 

D.  1,  2,  3,  and  4 


37 


46 
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31.  What  is  the  PRIMARY  purpose  for  the  re- 
versing action  of  a  Nansen  bottle? 

A*   To  allow  gathering  of  samples  at  great 
depths 

B.  To  obtain  an  uncontaminated  sample 

C.  To  isolate  samples  for  oxygen  analysis 

D.  To  gather,  samples  in  arctic,  regions 

» 

32.  When  the  RMS-12  sampler  is  used,  the  power 
to  the  STD  Measuring  System  is  interrupted  for 
about      s  seconds. 

A.  5 

b.  2a, 

C.  45  . 

D.  60 

33.  Which  of  the  following  sea  water  temperature 
readings  is  MOST  commonly  observed? 

A.  Thermistor  chain 

B.  Bathythermograph 

C.  Nansen 

D.  Bucket 

34.  Of  the  following  temperature  measuring  in- 
struments, which  gives  the  LEAST  representative 
data  pt  a  water  column's  in  situ  temperature? 

A.  Expendable  bathythermograph 

R.  Mechanical  bathythermograph 

-C.  Deep-sea  reversing  thermometer 

D.  Salinity-temperafyre-depth  system 

35.  At  what  point  on  a  deep-sea  reversing  ther- 
mometer does  the  mercury  in  the  main  stem 
separate? 

A.  Pig-tail 

B.  Reservoir 

C.  Auxiliary  bulb 

D.  Appendix  dead  arm 

36.  What  component  of  a  deep-sea  reversing 
thermometer  is  subject  to  damage  if  the  thermom- 
eter is  stored  improperly  at  very  low  ambient 
temperatures? 

A.  Auxiliary  thermojneter 

B.  Break-off  point 

C.  Reservoir 

D.  Pig-tAil 


FOURTH  ASSIGNMENT 


In  Pamphlet  No,  463  read  from  Mechanical 
Bathythermograph  (BT)  on  page  50  to  Bottom 
Samplers  on  page -  72  and  answer  questions  37 
through  50. 

37.  On  a  mechanical  BT,  the  recording  stylus 
is  part  of  the  .  , 

A.  helical^  spring 

B.  Bourdon  tube 

C.  piston  head 

D.  bellows 

38.  An  indication,  of  a  mechanical  BT's  depth 

range  is  stamped  on  the    of  the 

instrument. 

A.  nosepiece 

B.  moveable  sleeve 

C.  body  tube 

D.  tail  fin  . 

39.  J  The  temperature  sensing  element  of  an  XBT 
is  a  . 

A.  capacitor 

B.  thermistor 

C.  copper  coil 

D.  Bourdon  tube 

40.  A  1,500-foot  XBT  probe's  deployment  cycle 
time  is  seconds. 

A.  120 

B.  90 

C.  60 

D.  30 

41.  What  is  the  power  source  for  a  BTS  (AN/ 
SSQ-36)? 

A.  A  temperature  differential  activated  bat- 
tery ' 

B.  A  time  delayed  dry-cell  battery 

C.  A  pressure  activated  battery 
,       D.    A  water  activated  battery 

42.  The  signal  converter  electronics  of  an  STD 
system  requires  a  power  supply. 

A.  28  VDC  /' 

B.  115  VAC 

C.  150  ma 

D.  230  ma 
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43.  Which  of  the  following  components  of  a 
9040  STD  contain(s)  a  Paraloc  oscillator? 

1.  Temperature 

2.  Salinity 

-  -3; — Mixer-  •     .  ^ 

4.  Depth 

A#   3  only  - 

B.  1  and  2  only 

«.  n  C.    1,  2,  and  4  only 
D#    1,  2,  3,  and  4 

44„  What  component  of  the  9040  STD  system's 
deck  equipment  amplifies  the  FM  signal  received 
from^b»'Underwater  unit? 

A.  Discriminator 

\  '  .  B*  Bandpass  filter   *  . 

C.  Distribution  amplifier 

D.  Preamplifier  circuit 

45.  The  temperature  range  of  the  9040  STD 
system  is  accurate  frtfm       '   , 


A. 
B. 

C; 
D/ 


-2*C  to  +36*C 
-2#C  to  +39#C 
-10*e  tcr+36*C 
-10#C  to  440*C 


47.  Thfe^  constant  current  required  to  activate 
the  mixer  of  a  9040  STD  system  is  . 

A#  115  VDC 
B.     28  VDC 

-     C  ,  15  0  ma 
D#     28  ma  . 


48.  If  the  temperature  probes  of  a  9C&0  STI)' 
system  require  cleaning,  you  should  use  


A.  a  diluted  hydrochloric  acid  solution 

B.  any  commercial  household  detergent 

C.  a  bicarbonate  of  soda  solution 

D.  trichlorethylgne 


49.  Which  of  the  follpwing  components  of  an  STD 
system's  plotter  should  be  kept  free  of  any 
oil  or  oil  spills? 


Slide  wire 

B,  Pen  slide  bars 

C,  Chart  mechanism 

D,  Manual  chart  drive 


46.  Which  of  the  following  electronic  components 
of  the  9040  STD  system  is  considered  as  part 
"of  the  underwater  unit's  tower  electronics? 

t 

-  A%  Mixer: 

B.  Balance  amplifier 

C.  Operational  amplifier 

D.  Second  order  temperature  compensation 


50.  An  STD  system's  underwater  unit  that  has 
flooded  should  be  rinsed  immediately  in  distilled 
waiter  followed  by  another  rinse  in  . 

A«    alcohol . 

B.  trichlorethylene 

C.  nondetergent  oil 

D#    a  weak  hydrochloric  acid  soulution 
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LESSON  8 


GEOLOGICAL  AND  BIOLOGICAL  OCEAN OGRAPHIC  EQUIPMENT;  UPPER  AIR  EQUIPMENT 
AND  INSTRUMENTS;  COMMUNICATIONS  EQUIPMENT;  AND  SPECIAL  INSTRUMENTATION 


FIRST  ASSIGNMENT 


Iti  Pamphlet  No.  .463  read  from  Bottom 
Samplers  on  page  72  to  Sallnometer  on  page  85 
and  answer  questions  1  through  6.  s 


ll  Which  of  the  following  factors  should  you 
^consider  when-selecting  a  bottom  sampler? 

-  "   '         1.    Nature  of  investigation 
2.    Bottom  character 
\         3.    Water  depth 

A.  1,  2*  and  3 

B.  1  and  2  only 

C.  2  and  3  only  *  * 

D.  2  only 


5.  Which  of  the  following  components  of  a  Boom- 
erang corer  can  be  reused  after  the  float  component 
is  retrieved?  ^ 

A#   Nose  piece 
B#   Pilot  weight 

C.  Core  catcher 

D.  .  Ballast  weight 


6.  Which  of  the  following  bottom  samplers  have 
the  capacity  to  collect.equal  amounts  of  sample? 


A#  Scoopfish  and  Van  Veen 

B.  Orange  Peel  and  Van  Veen 

C«  Clamshell  and  Orange  Peel 

D,  Clamshell  and  Van  Veen 


2.  The  normal  free-fall  distance  of  a  Phleger 
corer.  is  feet. 

A.  12  -  '    .  - 

B#  20 

C,  28 

D.  36  * 


3.  Which  of  the  following  *  corers  presently 
in  use  is  designed  to  obtain  the  LONGEST 
bottom  sample? 

A#  Ewing 

B;  Boomerang 

C.  Kullenberg 

D.  Hydro-plastic 

4v  Which  of  the  following  corers  may  be  used 
as  piston-type  corers?. 

1.  Boomerang 

2.  Kullenberg 
$.  Phleger 

4.  PVC 

* 

A,  1  and  3 

B.  2  and  3 
C«  2  and  4 
D.    3  and  4 


•   SECOND  ASSIGNMENT  * 

In  Pamphlet  No.  463  read  from  Sallnometer 
on  page  85  to  Sampling  Nets  on  page  99  and 
answer  questions  7  through  16. 

7.  What  power  supply  is  required  for  the  opera- 
tion of  a  Model  6220  sallnometer? 

A.  115  VAC  only 

B.  230  VAC  only 

C.  115  or  230  V^C 
D#  115*nd  230  VAC 

8.  Copenhagen  Standard  Sea  Water  represents 
a  known  value. 

A.  salinity 

B.  chlorinity 

C.  conductivity 

D.  standardization 

> 

9.  The  zero- adjust  screw  on  the  face  of  a  Model 
6220  salinometer  -is  used  to  adjust  the  . 

A.    NULL  /  TEMPERATURE  INDICATOR 
needle 

B#    CONDUCTIVITY  RATIO  dials 

C.  .  STANDARDIZE  dials 

D#    FlhL  CONTROL  needle    .  ~ 
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lOi  What  information  about  a  water  sample  is 
derived  directly  from  a  salinometer? 

A.  Salinity  Value 

B.  Chlorinity  value 

C.  Conductivity  ratio 

D.  Standardization  ratio 


16.  Acid-dichromate 
if  it  maintains  a 


A.  greenish 

B.  jpilky  white 

C.  «  light  yellow 

D.  dark  brown 


is  considered  to  be  good 
 ,  color. 


11.  Upon  securing  after  a  day's  run  of  water 
samples  on  a  salinometer,  rinse,  the  sample  cell 
with  . 

A.  Tergitol  solution 

B.  distilled  water  - 

C.  Copenhagen^Standard.S^a  Water 

D.  any  commercial  cleaning  agent 


12.  In  a  lab  that  is  properly  equipped*  for  oxygen 
analysis,  the  GREATEST  number  of  bottles  on 
hand  have  a  ml  capacity. 


A.  50 

B.  100 

C.  125 
D#  250 


13.  For  an  oxygen  analysis  program,  which  of  the 
following  chemicals  should  be  carried  in  the 
GREATEST  quantity? 

A.  Alkaline  iodide 

B.  Sodium  thiosulfate 

C.  Manganous  sulfate 

D.  Potassium  biiodate 

14.  The  MOST  serious  accidents  in  a  laboratory 
area  are  a  result  of   . 

A#  confined  spaces 

B.  handling  glassware 

C.  rough  weather  conditions 

D.  contact  with  strong  chemicals 

15.  If  you  handle  acid-dichromate,  it  is  recom- 
mended that  you  wear 

-  A.   safety  goggles  and  rubber  gloves 
.   B.  •  safety  goggles  and  a  nose  plug 
C.   rubber  gloves  and  a  rubber  coat 
5**  safety  goggles,  a  nose  plug?  and  a  rubber 
coat 


THIRD  ASSIGNMENT 

In  Pamphlet  No.  463  read  from  Sampling 
Nets  on  page  99  through  page  118  and  answer 
questions  17  through  23. 

17.  What  criterion  is  used  for  selecting  the  mesh 
size  for  a  biological  sampling  net? 

A.  The  depth  of  sampling 

B.  The  time- period  of  sampling 

C.  The  type  of  sample  desired 

D.  The  place  where  the  sample  is  sought 

'  c 

18.  Normally,  what  portion  of  a  midwater  trawl 
is  the  first  to  enter  the  water? 

A.  Depressor 

B.  Cod  end 

C.  Net  bridle 

D.  Net  moirth 

19.  Of  PRIME  importance  to  a  ship  towing  a  mid- 
water  trawl  is  the  ,  

A.  mesh  of  net  v  \ 

B.  speed  of  tow 

C.  depth  of  tow. 

D.  depth  of  water 

20.  In  an  area  where  counter  currents  exist, 
the  path  of  a  drogue  current  measuring  array 
will  generally  represent  the  flow  of  the  j 

A.  general  water  mass 

B.  strongest  subsurface  current 

C.  strongest  surface  current 

D.  internal  waves  * 

> 

21.  The  GEK  current  measuring  device  measures 
 current. 

A.  net  , 

B.  tidal 

C.  bottom 

D.  surface 
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22.  Which  of  ;the  following  components  are  sub- 
assemblies^ a  sonar  pinger? 

1.  Driver 

2.  Receiver 

3.  Transducer' 

4.  Pulse  transformer 

A.  1,  2,  and  & 

B.  1,2,  and  4 

C.  1,  3,  and  4 

D.  2,  3,  and  4 

23.  How  often,  if  ever,  does  the  sonar  pinger 
skip  k  pulse  for  direct  and  indirect  ping  matching? 

A.  Every  other  minute 

B.  Every  10th  second 

C.  Every  30th  second 

D.  The  pinger  never  skips  a  pulse 


-27,  Grade  D  helium  bottles  are  normally  identi- 
fied by  which  of  the  following  characteristics? 

,    A.  Orange  body  with  gray  stripe 

B.  Orange  colored  cap  and  buff  body 

C.  Buff  colored  cap  and  gray  body 

D.  Left-hand  threads  on  the  valve  outlet 

28.  Which  of  the  following  precautions  should 
you  .  observe  when  you  are  transporting  helium 
bottles? 

A.  Remove  the  regulator  )t 

B.  Remove  the  discharge  valve 

C.  Move  the  cylinders  in  cradles  only 

D.  Transport  the  bottles  on  carts  only 

29K  The  recommended  inflation  pressure  for 
upper-air  balloons  is  .  psi. 


FOURTH  ASSIGNMENT 

In  Pamphlet  No.  463  read  from  page  119 
through  page  137  and  answer  questions  24  through 

•iO. 

24.  Which  of  the  following  gases  is  harmful  to 
balloons  made  of  neoprene? 

A.  Argon 

B.  Ozone 

~       C.  Nitrogen 

D.    Carbon  dioxide 

25l^^Vhich  of  tte  followin£  balloons  can  beblack? 

1.  10-gram  ceiling 

2.  100-gram  pilot 

3.  300-gram  radiosonde 

A.  1,  2,  and  3 

B.  1  and  2  only 

C.  2  only 

D.  1  only 

26.  \Vhich  of  the  following  balloons  should  be 
conditioned  prior  to  use? 

1.  10-gram  neoprene 

2.  100-gram  neoprene 

3.  600-gram  latex 

A.  1,  2,  and  3 

B.  1  and  2  only 

C.  2  only 
.  D.  3  only  ■ 


A. 
B. 
C. 
D. 


200 
110 
43 
20 
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30.  The  protractor  of  ' a  meteorological  plotting 
T)bara~Ts  secured  in  such  a  way  as  to  allow 
rotation  in   

A.  range 

B.  azimuth 

C.  elevation 

D.  direction 

31.  Which  of  the  following  illumination  lamps 
of  a  shore-type  theodolite  is/are  controlled  by 
a  xheostat? 

♦ 

1.  Elevation  scale 

2.  Azimuth  scale 

3.  Crosshairs 


A. 
B. 
C. 
D. 


lt  2,  and  3 

1  and  2  only 

2  and  3  only 

3  only 


32.  Before  the  evaporation  tray  of  a  humidity  ) 
chamber  is  filled  with  a  solution  of  sodium 
chloride  arid  water,  the  interior  <rf  the  tray  should 
be  coated  with  '  

A.  alcohol  • 

B.  face  soap 

C.  petroleum  jelly 

D.  light  machine  oil 
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33K  Which  of  the  following  batteries  used  with 
upper-air  equipment  is/are  water-activiated? 

1.  BA-292/AM 

2.  BA-353/AM 

3.  "   BA-380/AM  . 

A.  1,  2,  and  3 

B.  1  and  2  only 

C.  1  only 

D.  2  and  3  only 

34.  Which  of  the  following  components  As/ are 
included  as  part  of  an  entire  radiosonde  in* 


strument? 


1.  Battery 

2.  Radio  transmitter 

3.  Barometric-pressure  switch 


A. 
B. 
C. 
D. 


2;  only« 
2*  and  3  only 
1  and  2  only 
1,  2,,and  3 


35.  To  adjust  the  pressure  setting  on  a  radio- 
sonde, use  the  - 

A.  audio  tuning  slug 

*gr  B.  filament  switch 

C.  detent  wheel 

D.  baroswitch 

36.  Which  of  the  following  signals  is/are  received 
from  a  radiosonde?  - 


1. 
2. 
3. 


Temperature 
Pressure 
Dew  point 


37. 
the 


A.  1  only 

B.  1  and  2  only 

C.  1  and  3  only 

D.  1,  2,  and  3 

Which  of  the  following  switches  is  located  on 
power  supply  component  of  an  AN/SMQ-1? 

A.  Chart  illumination 

B.  Signal  selector 

C.  Chart  drive 

D.  Heater 


38.  Which  of  the  following  power  supplies  is 
required  to  operate  a  Radiosonde  Receptor, 
'  AN/SMQ-1? 

A.    115  VAC        *  . 
,B,    230  VAC 
,  C.    115  or  230  VAC 
*  .D."  115  and  230  VAC  ,  * 


39.  Which,  of  the  following  sections  is  NOT  an 
integral  part  of  the  receiver  section  of  an 
AN/SMQ-J? 

A.  Detector 

B.  Discriminator 

C.  Frequency  meter 

D.  JIaif-wave  dipole  antenna 

40.  A  Radiosonde  Receptor,  AN/SMQ-1,  may  be 
calibrated  by  using  a  . 

A.  voltmeter 

B.  signal  generator  _ 

C.  circular  computer 

D.  frequency  counter 


FIFTH  ASSIGNMENT 


In  Pamphlet  No.  463  read  from  page  139 
through  page  154  and  answer  questions  41  through 
50. 

41.  Why  is  the  model  28  teletypewriter  preferred  t 
over  older  models  for  use  aboard  ship? 

"  A.  It  is  shockproof 

B.  It  is  vibration  free 

C.  It  requires  less  maintenance 

D.  Space  requirements  are  no  longer  critical 

42.  A  model  28  teletypewriter  is  adjusted  to 
handle  characters  per  line. 

A.  59  . 

B.  64 

C.  69  i 

D.  74  *•  1 

43.  A  weather  keyboard  on  a  teletypewriter  has 
a  *Vf  symbql  in  the  uppercase  position  of  the 
letter 


A.  K 

B.  N 

C.  S 

D.  Z 


44.  On  the  model  28' teletypewriter,  which  of  the  . 
following  keys  can  lock  a  local  machine's  keyboard? 

1.  BLANK  4 

2.  BREAK 

3.  KBD  LOCK 

A.  3  only 

v      B.  2  and  3  only 

C.  1  and  3  only 

*    ->D.  1,  2,  and  3 
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45.  In  what  relative  position  of  a  type  box 
are  the  lowercase  characters  located? 


48:  On  an  Alden  facsimile  recorder,  what  com- 
pensates for  all  normal  line  letfel  variations? 


A.  Left  side 

B.  Right  side 

C.  Bottom  half 

D.  Top  half 


46*  What  type  of  solution,  if  any,  is  recommended 
for  proper  cleaning  of  a  type  box?, 

A.  Any  commercial  type  cleaner 

B.  .  Trichiorethylene 

C.  Alcohol 

D.  None 


47.  What  is  the  shelf  storage  life  of  the  chemically 
treated  ,  paper  used  with  the  Alden  facsimile, 
recorder? 

A.  An  indefinite  period 

B.  Three  years 

C.  Six  months 

D.  Three  months 


~~      A,  White  level  confroI~*~ — — — 

B.  Signal  level  switch 

C.  Signal  monitor  switch 

D.  Automatic  gain  control 

49.  On  early  NOMAD  buoys,  which  of  the  following 
observed  parameters  determined  the  frequency  of 
observation  transmission?  - 

A.  Wind  velocity 

B.  Temperature  variation 

C.  Moisture  concentration 

D.  Wave  height  distribution 

50.  Station  magnetic  orientation  is  an  observed 
parameter  transmitted  by  which  of  the  following 
automated  weather  stations?' 

•1*.    TRANSOBUOY,  A'N/WMT-1  . 

2.  NOMAD,  AN/SMT-i- 

3.  PAWS,  AN/GMT-4 

A.  1,  2,  and  3 

B.  1  and  2  only 
CT  2  and  3  only 
D.  3  only 
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LESSON  9 


:iJ^FASR^6^MM.^mYAJXm.AliR.iiEi:E6ROLOGlCAL  CODES  AND  PLOTTING 


FIRST  ASSIGNMENT 


-  In  Pamphlet  No. -464  read  from  page  1  to 
Observations  of  Visibility  on  page.  9  and'  answer 
questions  1.  through  14. 


1.  #tyhen  the  dry-bulb  and  the  dew- point -tem- 
peratures .are  the  same,  the  air  is  said  to 


be 


A.  mixing  - 

B.  ambient 

C.  saturated 
;  D.  in  equilibrium 

2.  How  many  minutes^  before  ventilation  must 
the  bulb  of  a  wet-bulb  Qjexn^ometer  be  moistened 
if  the  drynbuto^emp^fature^ta^^F.? 


3.  To  obtain  the  best  results  when  using  the 
sling  psychrometer,  whirl  the  psychrometer  to 

•  produce  an  air  flow  of  not  less  than  feet 
per  second.  -a    5"*  r~  . 

a.  ao  /  ,        '  ' 

B.  -25 

C.  20  -  ♦  . 
-     D.-  15 

4.  Which  of  the  following  wind  speeds  meets 
the  criteria  for  reporting  a  wind  gust? 

A.  Lulls  of  4  kts  with .  peaks  to  13  kts 

*B.*  LuJJs  of  9  kts  with  peaks  to  19  kts 

C.  Uills  of  10  kts  with  peaks  to  15  kfc 

D.  Lulls  of  16  kts  with  peaks  to  24  kts 

5.  A  wind  shift,  regardless  of  the  magnitude, 
will  always  be  reported  if  associated  with  a  . 


A.  sea  breeze 

B.  foehn  wind 

C.  thunderstorm 

D.  frontal  passage 


6.  What  barometer  should  you  normally  use  for 
observing  pressure  when  taking  a  surface  obser- 
vation? 

A.  Microbarograph 

B.  >Fortin  mercurial 

C.  Tonnelot  mercurial 

D.  Precision  aneroid 

7.  If  a  ship's  barometer  is  located  37  feet  above 
the  leadline,  *  what  correction  must  be  applied 
to  determine  sea  level  pressure? 

A.  +1.4  mb 

B.  +1.40  ixt 

C.  -1.4  mb 

D.  -1.40  in 


8.  A  trace  of  precipitation  is  less  than 
of  an  inch* 


A.  0.01 

B.  0.05 

C.  0.001 

D.  0.005 

9.  What  is  a  cloud  layer  termed  when  a  blue 
sky  or  higher  clouds  can  be  seen  through  the 
layer? 

I 

A.  Opaque 

B.  Transparent 

C.  Thin  - 

D.  Partially  obscured 

10^  If  a  oloud  layer  covers  0.6  of  the  sky  and  0.3 
is  Classified  as  opaque,  the  layer  is  termed 

 1 

A.  ,-  transparent" sky  cover 

B.  opaque  sky  cover 

C.  thin  sky  cover 

D.  a  ceiling         >  „  • 

11.  A  variable  ceiling's  height  cannof  exceed 
 feet. 

A.  100 

B.  500 

C.  1,000 

D.  3,000 
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12.  What  is  the  tenths  of  sky  cover  if  a  layer 
extends  from  the  horizon  to  76  degrees  above 
the  horizon?  . 


A.  0.3 

B.  0.4 

C.  0.5 

D.  0.6 


13.  The  height  value  of  a  layer  <rf  clouds  at 
11,150  feet  urculd  be  entered  in  column  6  (sky 
and  ceiling)  as  . 


A.  110 

B.  Ill 

C.  112 

D.  120 


14.  What  color  balloon  is  preferable  to  obtain 
the  height  of  a  thin  cloud  layer? 

A.  Bed 

B.  Black 
"  C.'  White 

D.  Natural 


17.  The  intensity  of  wjhich  of  the  following  types 
of  precipitation  is  determined  by  visibility? 

*A.  Hail 

B.  Rain, 

C.  Snow 

D.  Sleet  s 

18.  Which  of  the  following,  is  classified  as  a 
lithometeor? 

A.  Fog 

B.  Dew 

C.  Haze 

D.  Drizzle 


19.  If  snow  reduces  visibility  to  1/2  mile,  the 

precipitation  intensity  is        .  . 

i 

A.  heavy  <  • 

B. 'Nmoderate 
C  light- 

D.  slight' 


20.  When  will  the  true  wind  speed  be  greater  than 
the  apparent  wind  speed  when  you  compete  true 
wind  at  sea? 


SECOND  ASSIGNMENT 


In  Pamphlet  No.  464:  read  from  Observations 
of  yisibility  on  page  9  to  General  Observation 
Procedures  on  page  16  and  answer  questions  15 
through  24. 

15.  If  a  shipboard  observer's  eyes  are  35  feet 
above  the  water  surface,  how  many  miles  away 
is  the  horizon? 


A. 
B. 
C. 
D. 


6.6 
7.1 
13.1 
14.0 


16.  In  order  for  visibility  to  be  termed  variable, 
it  must  rapidly  increase  and  decrease  by  one  or 

more  tabular  values  and  be  tess  than  

mile(s). 


A. 
B. 
C. 
D. 


1/2 
5/8 
1 
3 


A.    When  the  ship, is  hove  to 

When  the  apparent  wind  is  on  the  same 
side  as  the  tru^  wind^ 

C.  When  the  apparent  wintf  is  forward  of 
the  beam 

D.  When  the  apparent  wind  is  aft  of  the  beam 

21.  How  often  should  the  muslin  wick  on  a 
psychrometer  aboard  .ship  be  changed? 

A.  Daily 
,  B.  Weekly 

Semimonthly 
D.  Monthly 

\ 

22.  When,  if  ever,  is  it  unnecessary  to  whirl  the 
sling  psychrometer  when  making  a  shipboard 
observation? 

* 

A.  When  dry-bulb  temperature  is  above 
32#F.  . 

B.  When  precipitation  is  occurring 

C.  When  the  apparent  wind  speed  is  9  kts 
or  more 

D.  It  must  always  be  whirled 
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23.  When  you  take  a  surface  weather  observation, 
what  method  is  preferred  for  obtaining  sea  water 
surface  temperatures? 

A.  Bathythermograph-, 

B.  Condensor  intake 

C.  Bucket 

,  D#  Injector 

p 

24.  »In  order  for  swell  to  be  recorded  during  a 
shipboard  surface  observation,  the  swell  direction 
must  differ  from  the  wind  wave  direction  by  at 
least  degrees. 

A.  30  '     w  \ 

B.  45 

C.  60  , 
•      D.  75 


JHIHD  ASSIGNMENT 

In  Pamphlet  No.  464  read  from  General 
Observation  Procedures  on  page  16  through  page 
-  28  and  answer  questions  25-through  37.  , 

/ 

25.  Which  of  the  below  definitions  defines  the 
actual  time  of  sc  surface  weather  observation? 

♦ 

A.  The  tir^the  wind  is  observed 

B.  The  time  the  last  element  is  observed 

C.  The  time  the  observation  is  started 

D. '  The  time  the  observation  is  disseminated 


26 v  When  taking  a  surface  weather  observation 
during  unchanging  conditions,  which  of  the  follow- 
ing elements  should  you  evaluate  first? 

A.  Wind 

B.  '  Precipitation 

*  "  C.   Altimeter  setting 
D#   Sea  level  pressure 


27 .  What  is  the  synoptic  code  form usedf  or  marine 
surface  observation^? 

A.  .  FM  21.D  4 

B.  FM22.D 

C.  FM  23.D 

D.  FM#26.D 
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28.  Which  of  the  following  ceiling  designators  is 
considered  the  most  reliable? 

A.  B 

B.  E 

C.  M"  fc 

D.  W 

29.  How  would  0.6  of  opaque  clouds  estimated 
to  be  at  a  height  of  500  feet  be  entered  in  column 
6  (sky  and  ceiling)? 

a.  E5©         c-  50© 

b.  .JE50©  .    " .  d.  5® 

30.  How  would  0.2  of  opaque  clouds  at  1,000 
feet  be  entered  in  column  6  (sky  and  ceiling)? 

a.  100  c.  lOOO  -CD 

b.  10  -<D        d.  lOOO  (D 

31.  How  are  heavy  thunder  and  light  rain  showers 
occurring  at  the  time  of  an  observation  entered 
in  column  8  (weather  and  obstructions  to  vision)? 

A.  TRW- 

B.  T+R-  _ 
;  C.    TR-  ' 

D.  T+RW- 

32.  How  is  very  light  rain  and  fog  occurring 
at  the  time  of  an  observation  entered  in  column 

8  (weather  and  obstructions  to  vision)? 

A.  R-F 

B.  FR- 

C,  FR — 

D,  R—F 

33.  How  woujd  1013.2  mb  be  entered  in  column 

9  (sea  level  pressure)  of  MF1-11? 

A.  13.2 

B.  132 

C.  1013.2 

D.  10132  ' 

34.  What  entry,  if-  any,  is  made  in  column  12 
(wind,  direction)  of  MFl-il  for  a  calm  wind? 

A.  CALM 

B.   

C.  OO 

D.  No  entry  is  made 
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REFER  TO  FIGUlUS  6  OF  THE  TEXT  IN  ANSWER- 
ING ITEMS  35  THROUGH  37 

35.  When  was  the  lowest  pressure  of  the  day 
observed? 

A.  0000  LST 

B.  0000  GMT 

C.  0800  LST- 

D.  0800  GMT 

36.  What  is  the  sea  level  pressure  recorded  in 
the  0300  observation? 

A'.    1014.5  mb 

B.  996.0  mb 

C.  *    31.45  in 
•    D.       29.96  in 

37.  What  is  the  sea/air  temperature  difference 
encoded  for  the  0300  observation? 

A.  1.5#F 

B.  1.5#C 

C.  1.7#F 

D.  L7*C  . 


FOURTH  ASSIGNMENT 


In  Pamphlet  No.  464  read  from  page  29  through 
57  and  answer  questions  38  through.  50. 

38.  Which  of  the  following  indicators  indicates 
a  ship's  synoptic  report  in  reduced  form? 

A.  SHIP  . 

B.  SPESH 
C;  SHRED 
D.  SPCU 

39.  The  symbolic  figure  group  that  indicates  t&at 
an  ^analysis  message  follows  is   

A.  10001 

B.  11111 

,  C.   19991  . 
D.  65556 

40.  Which  of  the  below  symbolic  letters  indicates 
air  temperature  in  whole  degrees  Celsius  at  the  • 

,  tropopause  level? 


41.,  An  observer  on  an  icebreaker  enroute  to  the 
Antarctic  by  way  of  South  America  would  be 
operating  in  WMO  region  

A.  I 

B.  m 
C  V 
D.  VI 

42.  For  complete  information  on  all  weather  codes 
used  in  WMO  region  VI,  consult  which  of  the 
following  publications?  - 

A.  FMH  §2,  Synoptic  Code  Manual 

B.  Aerographer's  Mate  3  and  2 

C.  Aerographer's  Mate  1  and  C 

D.  N.  O.  118,  Radio  Weather  Aids 

43.  Which  of  the  following  groups  should  you 
always  encode  when  encoding  the  land  station 
synoptic  code? 


A.  dwd^PwHwHw 

B.  99ppp 


C.  7RRJJ 

D.  Nddff 


A.  TtTt 

B.  tj»tx 


C.  TT 

D.  tt 


44.  Which  of  the  following  plain  language  words 
can  be  used  at  the  end  of  a  land  station  synoptic 
report? 

A.  ICE 

B.  DUST 

C.  HAIL  • 

D.  LIGHTNING 

45.  If  the  pressure  tendency  and  the  direction 
and  speed  that  the  ship  has  made  good  in  the 
past  three  hours  are  not  reported  in  the  synoptic 
code,  how  are  they  indicated  in  the  ship's  synoptic 
report? 

A.  30  is^ added  to  the  time  of  the  observation 

B.  60  is  added  to' the  time  of  the  observation 
C*   Dsvs  is  omitted  from  the  report 

D.    The  group  Dgvgapp  is  omitted  from  the 
report 

46.  Which  of  the  below  indicates  that  a  ship's 
upper  wind  code  follows? 

A.  TT 

B.  W 

C.  PILOT  SHIP 

D.  PILOT' 


ERLC 


50 


-  57 


47.  Which  of  the  following  symbolic  letters  in- 
dicates that  Part,  "AM  of  the  radiosonde  code 
follows?  • 

A*  TT 

B.  YY 

C.  GG 

D.  WW 

48,  How  is  a  wind  velocity  of  48  knots  plotted 
on  a  surface  synoptic  chart? 


A. 


B. 


49,  When  plotting  a  surfaoe  synoptic  chart,  you 
should  plot  the  pressure  in  the  quadrant. 

A,  NW 

B,  SW 

C,  SE 
%   D.  NE 

50,  Which  of  the  following  messages  contain(s) 
information  of  fallout  data? 

1.  UF 

2.  RADFO 

3.  UA 

-  A,    1  and  2 

-  B.   1  and  3 

C.  1  only 

D.  2  only 
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LESSON  10 


ICE  AND  BATHYTHERMOGRAPH  OBSERVATIONS?  NAN  SEN  AND  STD  CASTS; 
AND  SAFETY  PROCEDURES  FOR  OCEANOGRAPHIC  OBSERVATIONS 


FIRST  ASSIGNMENT 


In  Pamphlet*  No.  464  read  from  page  59 
through  page  71  and  answer  questions'!  through  8. 


1.  The  size  of  a  growler  approximates  the  size 
of  a 


A.  volleyball  court 

B.  city  block 

C.  small  cottage 

D.  piano 


2.  Which  of  the  -  following  approximates  the 
size  of  a  medium  floe? 


A.  Aircraft  carrier 

B.  Golf  course 

C.  Small  city 

D.  City  block 


3.  "Close  pack"  describes  how  many  oktas 
of  ice  coverage? 

A.  Two 

B.  Four 
'  C.  Six 

D.  Efght 


4.  Any  sea  ice  attached  to  the  shore  by  stranding 
or  by  other  means  is  called    ice. 

A.  .glacier 

B.  field  * 

C.  close 
•D.  fast 


5.  The  term  "spot,"  as  used'  in  the  ice  code 
refers  to  a  circular  area  with  a  radius  of  . 

A.  1  nm. 

B.  2  nm. 

C.  1  km.  * 

D.  2  km. 


6.  A  special  ice  observation  must  be  taken 
when  there  is  a  change^  of  at  least  in 
concentration. 

A.  1/8 

B.  2/8 

C.  3/8 

D.  4/8 

7.  Which  of  the  following  symbolic  letters 
indicate  first-year  ice  over  120  cm.  thick? 

A.  VF 

B.  FT 

C.  GF  ' 

D.  FL 

8.  How  is  a  lead  indicated  on  an  ice  plot? 
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SECOND  ASSIGNMENT 

In  Pamphlet  No.  464  read  from  page  73 
through  page  88  and  answer  questions  9  through  15. 

9.  When  commencing  a  mechanical  BT  observa- 
tion, hold  the  BT  just  undgr  the  surface  of  the 
water  for  30  seconds  in  order  to  . 

A.  check  cable  fittings 

B.  ascertain  whether  the  ship  is  notturning 
.  C.   check,  winch  operation 

p.   bring  the  instrument  to  water  tem- 
perature t 

10*  What  information  must  be  recorded  on  the 
BT  slide? 

A.  Slide  number*  date,  BT  serial  number 

B.  Time,  date,  BT  serial  number 

C.  Slide  number,  time,  date,  BT  serial 
number 

D.  Slide  number,  time,  date 
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11.  What  is  the  allowable  error  for  depth  on  a 
mechanical  BT  observation? 

A.  2  ft, 

B.  3  ft 

12.  During  a  high  sea  condition,  at  what  point, 
if  apy,  should  an  XBT  probe  be  released? 

A.  At  the  bottom  of  a  wave  crest 

B.  Between  wave  crests 

C.  At  the  top  of  a  wave  crest 

D.  The  probe  should  not  be  released 


13.  What  code  figures  can  be  used  to  indicate 
that  no  sea  surface  reference  temperature  is  en- 
coded for  a  BT  observation? 

A#  11  or  22  * 

B.  33  or  44 

C.  66  or  77 

D.  98  or  99 


14.  When  must  you  include  the  group  999NN  in 
a  BAXBT  message? 

A.  When  terminating  the  message 

B .  When  you  consider  the  information  doubt- 
ful. 

,    C.   When  recording  depth  increments  of 
*     1,000  feet 
•     D.    When  the  sea  surface  reference  tempera- 
ture exceeds  3*F. 

15.  In  what  units  of  measurements  are  the 
temperature  and  depth  readings  in  the  BATHY 
message  in  figure  41  expressed? 

A.   0.1*F  and  feet 
0a*C  and  feet 

C.  0,rc  and  meters 
'    D.   0.1*F  and  meters 


THIRD  ASSIGNMENT 


16,  In  cold  temperatures,  how  long  should  the 
winch  be  warmed  prior  to  commencing  «a  Nansen 
cast? 

A*  10*  minutes 

B.  15  minutes 

C.  30  minutes 

D.  60  minutes 

17,  Who  performs  the  last  check  on  Nansen 
bottles  before  they  are  lowered  into  the  water? 

A.  Oceanographic  supervisor 

B.  Platform  man 

C.  Winoh  operator 
"  D.  Bottle  passer 

18,  What  must  be  done  when  the  cable  of  a 
shallow  Nansen  cast  has  been  lowered  past  a 
planned  depth? 

A.  The  cable  must  be  raised  to  the  planned 
depth  and  the  bottle  hung 

B.  The  bottle  must  be  left  off,  and  the 
fact  that  the  bottle  was  not  hung  musv 
be  noted  in  the  oceanographic  logbook 

C.  The  bottle  must  be  hung  at  the  depth  to 
which  the  cable  has  been  lowered,  and 
this  depth  must  be  entered  in  the  ocean- 
ographic logbook 

D.  The  cast  must  be  aborted 


19, .  How  many  minutes  must  be  allowed  for  a 
messenger  to  reach  1,950  meters? 

A.  12 

B.  13 

C.  14 

D.  15 

20.  What  must  be  done  if  a  pre-trip  of  more  than 
one  bottle  occurs  during  a  Nansen  cast? 

1.  The  bottles  in  question  must  be 
disregarded 

2.  The  cast  must  be  retaken 

3.  The  bottle  numbers  must  be  noted 
in  the  remarks  section  of  the  log 
and  temperature  message 


In  Pamphlet  No.  464  read  from  page  89 
through  page  108  and  answer  questions  16  through 
31. 


A. 
B. 
C. 
D. 


1  only 

2  only 

1  and  3 

2  and  3 
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21.  What  is  the  proper  procedure  for  drawine 
salinity  samples?  g 

&   Rinse  bottle  twice,  rinse  stopper,  fill 

bottle  to  shoulder 
B.   Rinse  bottle  once,  rinse  stopper,  fill 
bottle  to  overflowing 
_     C.   Rinse  bottle  once,  rinse  stopper,  fill 
bottle  to  shoulder  " 
D.  ttinse  bottle  twice,  rinse  stopper,  fill 
pottle  to  overflowing 

22.  How"  long  should  salinity  samples  be  allowed 
c°anCoTrun3?eqUlIlbriUm  ^  *  SaUnity 

A.  •   3  hours  . 

B.  6  hours 

C.  12  hours 

D.  24  hours 

23.  What  information  does  the  winch  operator 
require  fronr  the  winch  card? 

A.  Actual  wire  angle 

B.  Estimated  wire  angle 

C.  Actual  wire  length 

D.  Estimated  wire  length 


26.  What  is  the  MAXIMUM  allowable  variance 
for  the  wire-out  and  wire-in  meter  readings? 

A.  0  meter 

B.  l  meter 

C.  2  meters  * 

D.  3  meters 

27.  What  is  the  most  important  restriction  placed 
on  a  deep  Nansen  cast? 


A. 
B. 
C. 


The  wire  length  must  not  exceed  the  depth 
of  the  water 

The  wire  angle  must  not  exceed  15 
degrees 

The  bottom  bottle  must  not  be  within 
100  meters  of  the  bottom. 
The  number  of  bottles  placed  on  the  cable* 
must  not  exceed  10 


24    How  can  you  determine  the  dieter  wheel 

SSSJSi a  p*ruoul" bott,e  *  ■ 


A. 
B. 

c. 

D. 


Add  the  wire  length*  for  the^  bottle  to 
the  maximum  wire  length 
Subtract  the  wire  length  for  the  bottle 
from  the  minimum  wire  length 
Subtract  the  wire  length  for  the  bottle 
from  the  maximum  wire  length 
Add  the  wire  length  for  the  bottle  to  the 
minimum  wire  length  — 


25.  When  the  meter  wheel  counted  is  being  set, 
what  isr  used  as  the  reference  for  all  of  the 
Nansen  bottles? 

A.  Surface  of  the  water 

B.  Platform 

. '    C.   Oceanographic  weight  . 
D.   Last  bottle  of  the  cast 


28.  -the  weather  observation  taken  durlne  a 
Nansen  cast  should  always  be  entered  on  the 

A.  Weather  page  of  the  ship's  log 

B.  Nansen  salinity  sheet 

C.  Nansen  summary  sheet 

D.  Oceanographic  Deck  Log 

29.  When  more  than  one  Nansen  cast  is  tak^n  on 
an  ocean  station,  the  last  group  of  the  ocean- 
ographic message  for  the  first  cast  will  always 

A.  Hill 

B.  19991 

C.  5555S 

D.  99999  V 

30.  What  is  enteredformissingdataintheNansen 
temperature  message? 

A.  A  zero    ,  >  , 

B.  A  dash 

C.  The  letter  "M» 

D.  A  slant  bar 

31.  rafet  are  the  symbolic  letters  that  represent 
.Nansfo  bottle  location  (wire  length)? 

•     A.  BnBnBnBnBn 
B.  DDDDD 

D.  BBBBB 
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-EQERTH  ASSIGNMENT 

In  Pamphlet  No.  464  read  from  page  109 
through  page  118  and  answer  questions  32  through 

32.  What  should  an  ocean-station  vessel,  dp  if 
its  STD  system  fails  along  a  Standard  Monitor- 
ing  Section? 

A*   Replace  the  STD  casts  with  BT  obser- 
*  vations  and  Nansen  casts 

B.  Replace  the  STD  casts  with  only  BT 
observations 

C.  Replace  the. STD  casts  with  only  Nansen 
casts 

D.  Discontinue  oceanographic  observations 
and  return  to  port 

33,  How  many  protected  thermometers  are  used 
in  the  surface  quality  control  Nansen  bottle? 

A/  1 

b;  2  , 

C.  3      -  .     -  '  ' 

D.  4 

34.  What  setting,  if  any,  is  required  for  the  pens 
of  the  9040  STD  recorder  before  the  fish  is' 
lowered? 


A. 
B. 

C. 


Reset  both  the'pens  to  zero 
Set  the  salinity  pen  1  division  above  the 
temperature  pen 

Set  the  salinity  pen  1  division  below  the 
temperature-pen 

No  adjustment  to  the  pens  is  required 

35.  On  a  9040  STD  system,  the  underwater  unit 
may  be  lowered  through  the  thermocline  at 'a 
MAXIMUM  speed  of  meters  per  minute. 

A.  50 

B.  60 
C  70 

.  D.  80 

36.  On  an  STD  cast  of.  2,200  meters,  the  1,500^ 
meter.QC  bottle  will  be  hung  when  the  recorder 
reads        ,  meters. 

A.  20& 

B.  700 
C  1,500 
D.  2,200 


37.  Which  of  the  below  depths  is  NOT  a  standard 
depth?  . 

A.       75  m 
,  B.      750  m 

C.  1,000  m  • 

D.  2,000  m 


38.  Temperature  is  read  from  the 
trace  to  the  nearest   ( 

A.  o.oorc 

B.  o.orc 
c.  o.rc 

*  D.  1.0*C 


STBlrecorder's 


■ 


39.  Which  of  the  following  deviations  defines 
a  significant  xiepth? 

A.  o.rc. 

B.  o.orc. 

C.  0.001  °/oo 

D.  0.005  °/oo 

40.  STD  analog  traces  are  submitted  to   ' 


A.  NAVOCEANO 

B.  FNWF 

c.  cdou 

D.  NODC 


41.  How  often  are  Conductivity- Messages  re- 
,  quired? 

A.  Each  cast 

B.  Daily  

C.  Every  5  days 

D.  Weekly 

42.  The  end-of-message  indicator  for  an  STD 
Data  Message  is  , 

A.  10001 

B.  19991 

C.  55555 

D.  99999 

43.  What  symbolic  figures  are  used  to  record 
the  sonic  depth  to  the  ocean's  bottom^.  -  , 


'A.   s,  Sj  Sj  Sj  Sj 
B.  BBBBB 


C.  DDDDD 
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44.  Ho#  often  is  the  STD  Quality  Control  Data 
Message  sent?  -  - 

A.  Dally,  after  the  last  •  cast  of  t)i8  day 

B.  After  each  cast 

C.  Every  5  days 

D.  Weekly 


FIFTH  ASSIGNMENT 


In  Pamphlet  No.  464  read  from  page  119 
through  paj^l24  and  answer  questions  45  through 


45.  In  what  unit  of  measurement  'is  the  line 
of  the.  Secchi  disc  marked? 

A.  Feet 

B.  Inches 

C.  Centimeters- 

D.  Meters 


46.  How  often  are  Secchi  disc  readings  taken? 

A.  Every  6  hours 

B.  Once  daily 

C.  Twice  weekly 

D.  Once  weekly 


47.  How  far  under  the  surface  of  the  water  .must 
the  Secchi  disc  be  when  the  Forei  scale  is  being 

"  used? 

A.  One  meter  - 

B.  Two  meters 

C.  Three  meters 

D.  Four  meters 

48.  What  is*ddhe  to  prevent  a  cast  from  striking 
the  platform? 

A.  The  platform  man  fends  off  the  cable 
by  using  his  leather  arm  guard 

B.  The  winch  operator  stops  the  winch 

C.  The  winch  operatqr  immediately  lowers 
the  cast  to  its  lowest  depth 

D.  The  platform  man  rigs  a  fender  out- 
board of  the  platform 

49.  Who  determines  the  winch  speed  during  the 
STD  cast? 

A.  Oceanographic  supervisor 

B;  Recorder  operator  - 

"C.  Safety  officer 

D.  Platfprm  man 

50.  Who  directs  the  winch  operator  by  use  of 
hand  signals  during  Nans  en  casts? 

A.  Oceanography  officer 

B.  Oceanographic  supervisor 

C.  Safety  officer 

D.  Platform  man 


57 


63 


>      '        LESSON  11 
D^TA  PROCESSING  AND  ANALYSIS 


FIRST  ASSIGNMENT 

In  Pamphlet  No.  465  read  from  page  1  through 
.    17  and  answer  questions  1  through  10. 

1.  Winds  can.  blow  across  isobars  over  ocean 
areas  at  angles  of  as  much  as  degrees. 

A.  20 

B.  30 

C.  40 

"*  D.    50  '  - 

2.  Which  of  thtf  below  pressure  values  would 
be  correct  for  an  isobar  at  60  degrees  north 
latitude? 

A.  1038 

B.  1022 

C.  982 
.  D.  976 

3.  When  using  the  two-station  method  of  analysis, 
begin  the  analysis  over   . 

A.  ocean  areas  with  few  reports 

B.  land  areas  with  many  reports 

C.  ocean  areas  with  many  reports 

D.  land  areas  with  few  reports 

4.  Which  of  the  below  cloud  types  will  usually 
be  found  600  miles  in  advance  of  a  warm  front? 

A.  Stratus 

,  B.  Nimbostratus 

C.  Altostratus 

D.  Cirrostratus 

5.  The  most  important  fact  to  consider  when- 
starting  a  surface  analysis  is  the  , 

A.  corrected  past  history 

B.  location  of  fronts  v 
C#  location  of  pressure  centers 
D.  wind  field 

6.  A  line  drawn  on  a,  surface  chart  as  brown 
dashes  would  indicate  a  line. 

A.  convergence  ^ 

B.  shear  • 
*   C.  bridge 

D.  trough 


7.  The  direction  of  movement  of  surface  pres- 
sure systems  and  fronts  depends  upon  the  


A.  wind  flow  at  the  surface- 

B.  topography  , 

C.  wind  flow  aloft 

D.  tetoperature  field 

8.  Which  of  the  below  charts  would  be  drawn 
for  contour  intervals  of  120  meters? 


A. 
B. 
C. 
D. 


300-mb 
400-mb 
500-mb 
.  600- mb 


9.  Lines  of  equal  temperature  drawn  on  an  upper 
air  chart  are 


A. 
B. 
C. 
D. 


isobars 
isotherms 
isallobars 
isoheights 


10.  Short  dashed  green  lines  drawn  on  an  upper 
air  chart  are  , 

r 

A.  isobars 

B.  isodrosotherms 

C.  isotachs 

D.  isoheights 


SECOND  ASSIGNMENT 


In  Pamphlet  No.  465  read  from  page  18 
to  Communications  Systems  on  page  26  and 
answer  questions  11  through  17  f  • 

11.  When  drawing  the  "DP"  curve  on  the  AROW- 
AGRAM,  indicate  a  stratum  of  missing  data  with 


A.  the  letters  "MB"  plotted  in  the  center 
of  the  stratum 

B.  the  letter  "M"  plotted  in  the  center 
of  the  stratum 

C.  a  dashed, line 
aD.    a  wavy  line 
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12.  On  an *AROVVAGRAM,  one  degree  of  tem- 
perature change  is  equivalent  to  a  height  change 
of         \  feet. 

A.  '  5,000 

B.  1,500        '     '  * 

C.  500 
D;  150 

•  13.  Referring  to  figure  19,  determine  the  height^ 
of  the  freezing  level. 

A.  4,400  ft. 

B.  7,000  ft.  ' 

C.  11,600  ft. 

D.  12,300  ft. 

14.  Referring  to'figure  19,  determine  the  average 
mixing  ratio  used  to  determine  the  lifting  conden- 
s&tion  level. 

.;^V    A.  12;9 

*  *     B.  13-.4 

C.  14.0 

.  d.  isr.e 

'  15.  What?  should  yofr^use  as  the  average  mixing 
v>ratio  if  «there  is  ^surface-based  inversion? 

*/*       A.   'fher-  average  iof  all  dew  points  in  the 
%.;;  ;         first  100  millibars  of  the  sounding 
'  :-    B."  The,  dew  pohit  from  the  top  of  the 
.   S  inversion, 
$;    C.  v?Fhe  surf  fcoKftl&w  poi#t 

D.  vTbe  average  of  the  dew  points  from  the 
ipp  and  t$fe  bottom  of  the  inversion 

16.  Whatf  lev^el  is  foiled  by  extending  the  average 
mixing  ratio'  line  upwards  until  it  intersects  the 
temperature  curve? 

.  A.   Convective  condensation  level 

™  B.  -Lifting  condensation  level 

C.  Level  Of  free  convection 

D.  Freezing  level 

17.  Referring  to  figure  23,  determine  the  height 
of  the  650-mb  level. 

A.  11,500  ft. 

B'.'  12,500  ft. 

C.  13,500  ft. 

D.  14,500  ft. 
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THIRD  ASSIGNMENT 

In  Pamphlet  No.  465  read  from  Communica- 
tions Systems  on  page  26  through  page  46  and 
and  answer  questions  18  through  29. 

18.  Over  which  of  the  below  teletype  circuits 

would  aviation  area  forecasts  be  disseminated? 

* 

A.   Comet  X  -  * 

B»   Comet  UA 

C.  Service  A 

D.  Service  C 

19.  What  type  of  weather  message  is  used  to 
fill  in  areas  of  sparse  data  on  a  synoptic  weather 
chart? 

A.   Recco  reports  ^ 

B«    Specials  ' 

C.  Airways 

D.  Pilot  reports 

20.  In  the  radar  message  in  table  3,  the  move- 
ment of  the  area  of  echoes  is  from  

degrees  at  knots. 

A.  160  .r  ,  12. 

B.  270  -  30 

C.  316  -  30 
D*  316  -  83 

21.  An  area  of  related  or  similar  echoes  covering 
le$s  than  0.1  of  the  reported  area  is  a/an  . 

A.  fine  line 

B.  scattered  area 

C.  isolated  echo 

D. "  widely  scattered  area 

22»  In  figure  31,  what  are  the  weather  and 
obstructions  to  vision  forecasted  for  the  period? 

A.  Light  rain,  fog,  and  smoke 

B.  Light  rain  showers,  fog,  and  smoke 

C.  Very  light  rain  showers,  fog,  and  smoke 

D.  Very  light  rain,  fog,  and  smoke 

23.  In  figure  33,  what  Is  the  surface  wind  fore- 
cast after  0100Z? 

A.  Less  than  10  knots 

B.  ^80  degrees,  15  knots 

C.  330  degrees,  15  knots 

D.  330  degrees,  20  knots 
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24.  In  figure  33,  what  is  ths  height  (in  feet)  of 
the  lowest  ceiling  forecasted  for  the  period? 

.  A.  3^00 

B.  &QQ  , 

C.  ^500 

D.  lflQO 

25.  Icing  in  clouds  and  in  precipitation  would 
appear  on  a  chart  area  as  •  . 

A.  ICICIP 
fe.  ICGCIP 

C.  "  ICGCP 

D.  ICGICIP 

26.  If  an  area  forecast  states  there  will  be  few 
thunderstorms,  what  will  the  areal  coverage  of 
these  thunderstorms  be? 

*A.  15%  or  less  of  the  area 

B.  16  to  30%  of  the  area 

C.  31  to  45%  of  the  area 

D.  46%  or  more  of  the  area 

27.  In  figure  37,  what  is  the  height  cf  the  freezing 
level  east  of  the  front? 

A.  10,000  feet  ASL 

B.  10,000  feet  AGL 

C.  6,000  feet  ASL 

D.  6,000  feet  AGL 


tops 


28.  In  figure  37,  what  is  the  maximum 
forecasted  for  the  entire  period? 

A.  18,000  feet  ASL 

B.  18,000  feet  AGL 

C.  20,000  feet  ASL 
'     D.  20,000  feet  AGL 


29.  What  would  be  the  heading  of  a  weather 
message  that  contained  a  weather  warning  other 
than  a  hurricane  for  the  North  Atlantic?  * 

A.  WHNA 

B.  "  WWNA 

C.  WHNT 

D.  WWNT 


FOURTH  ASSIGNMENT 


30.  The  portion  of  a  weather  depiction  chart 
enclosed  by  solid  lines  indicates  areas  with 
either  visibility  below  3  miles  or  a  ceiling  less 
than  m  feet. 

A.  ,  100 

B.  500 

C.  1,OO0N 

D.  3,000*  1  ' 

31.  What  iS  indicated  when  no  visibility  value  is 
entered  on  a  weather  depiction  station  mod3l? 

A.  Visibility  data  is  missing 

B.  Visibility  is  7  miles  or  greater 

C«    An  error  has  been  made  in  plotting 
D.    Weather  and  obstructions  to  vision  data 
are  missing 

32.  Which  of  the  below  symbols  indicates  an 
overcast  with  breaks  on  a  weather  depiction 
chart?  u 


A. 


B. 


o 


c. 


D. 


• 
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33.  If  a  station  reported  light  rain,  light  snow, 
and.  fog,  how  would  this  be  entered  on  a  weather  * 
depiction  chart? 

A.  R-S- 

B.  RS 

C.  RSF 

D.  R-S-F      '  - 

34.  Which  of  the  below  symbols  indicates  solid 
stratified  echoes  on  a  radar  summary  chart? 


A. 


B. 


In  Pamphlet  No.  465  read  from  page48  through 
page  63  and  answer  questions  30  through  39. 


35.  Moderate  rain  showers  increasing  in  intensity 
would  be  indicated  by  which  of  the  following  sym- 
bols on  a  radar  summary? 

A.  RW 

B.  R/+ 

C.  RW+ 

m      D.    RW/+  ■ 
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36,  In  figure  44,  the  line  of  echoes  located  in 
eastern  Texas  and  western  Louisiana  is  moving 
east  at  knots. 

A.  20 

B.  25 

C.  30 

D.  35 

37*  In  figure  44,  the  maximum  tope  of  all 
cloud  echoes  on  the  chart  is  feet  MSL, 

A.  45,000 

B.  40,000  t 

C.  4,500 

D.  4,000 

38.  How  is  an  instability  line  indicated  on  a 
facsimile  chart? 


4 1.  What  must  be  checked  prior  to  applying  power 
to  the  salinometer? 

A.  Conductivity  reads  exactly  zero 

B.  Standardization  dial  reads  5,000  u 

C.  Meter  .sensitivity  is  within  limits 

D.  Null  indicator  reads  exactly  zero 

42.  Why  should  the  salinometer  cell  be  rinsed 
and  drained^  sever al  times  prior  to  standardizing 
the  instrument? 

A.  To  allow  for  cell  temperature  equilibrium 

B.  To  check  the  quality  of  the  Standard 
Water 

C.  To  test  various  functions  of  the  instru- 
ment 

D.  To  familiarize  the  operator  with  correct 
procedures 


43.  During  standardization  of  the  salinometer, 
how  many  sample  reading^ must  be  obtained? 

A.    — >    «_    A.    2  \ 

B.  3 

B.  —  .  .  .  — _  .   C.  4 

D.  5 

*  *  — ™         44.  Which  of  the  below  would  necessitate  a  new 
r\        _  -        mmmmmm      standardization  of  the  model  6220  salinometer? 

d.    ~T"         -|—  -j—. 

A.  Power  cord  is  accidentally  unplugged 

B.  Sample  temperature  differs  by  2.4#C. 
from  standardization  temperatures 

C.  Standard  water  conductivity  ratio  differs 
from  the  standardization  conductivity  by 
+0.00025 

D.  Standard  water  conductivity  ratio  differs 
from  the  standardization  conductivity  by 
-0.00025 

45.  What  should  you  do  to  eliminate  bubbles  in 
the  salinometer  cell? 


39.  Which  of  the  below  symbols  indicates  mod- 
erate icing  on  a  facsimile  chart? 


FIFTH'  ASSIGNMENT 

In  Pamphlet  No.  465-  read  from  page  65  to 
Oxygen  Analysis  on  page  72  and  answer  questions 
40  through  48.  :   *  / 

40.  The  degree  of  conformity  of  a  measure  to 
a  standard  or  true  value  is  the  definition  of 


A.  precision 

B.  accuracy  » 

C.  sensitivity 

D.  '  discrete  measurement 


A.  Fill  the  cell  rapidly 

B.  Use  care  not  to  shake  the  sample 

C.  Turn  on  the  stirrer  prior  to  filling  the 
cell  v 

D.  Shake  the  ^sample  vigorously  prior  to 
filling  the  cell 

46.  How  many  samples,  are  run  after  standard- 
ization before  a  Standard  Water  sample  is  run 
as  an  unknown? 

A.  1  1    .  : 

B.  2 
C. 

D.  4 
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47.  Assume  that  the  salinity  value  for  the  original 
standardization  is  35.012  °/oo  and  that  the  first 
Standard  Water  run  as  an  unknown  is  35.014  °/oo. 
The  correction  for  shear  to  be  applied  to  the 
fillt  salinity  value  is  . 

A.  +  .000 

B.  +.001 

C.  -  .001 

D.  -  .002 

48.  Using  the  salinity  values  from  question  47, 
determine  the  shear  correction  to  be  applied 
to  the  fourth  salinity  value. 

A.  -  .001 

B.  +  .001 

C.  -  .002 

D.  +  .002 


SIXTH  ASSIGNMENT 


In  Pamphlet  No.  465  read  from  Oxygen 
Analysis  on  page  72  to  Processing  Station  Data 
on  page  82  and  answer  questions  49  through  55. 

49.  The  white  precipitate  of  manganous  hydroxide 
rapidly  turns  brown  in- the  presence  of  . 

A.  sulfuric  acid 

B.  dissolved  oxygen 

.  C.    alkaline  iodide  # 
D.    sodium  thiosulf ate 

50.  What  should  you  do  with  the  droplet  hanging 
from  .the  tip  of  a  volumetric  pipet  after  draining 
the  pipet^ 

A.  Transfer  the  drop  to  the  rest  of  the 
liquid  by  touching  it  against  the  side 
of  the  container 

B.  Wipe  off  the  drop  with  a  Chem-wipe 

C.  Immerse  the  tip  into  the  liquid 

D.  Shake  the  pipet  vigorously  to  drain 

51.  The  chemical  reagent  that  is  highly  viscous 
,and  slippery  is  _^  


A.  potassium  biiodate 

B.  hydrochloric  acid 

C.  alkaline  iodide  . 

D.  sodium  thiosulf  ate 


52l  After  you  have  added  a  reagent  to  a  seo 
water  sample  and  the  precipitate  has  settled  to 
the  bottom  of  the  bottle,  the  sample  should  NOT 
stand  for  more  than  '     hour(s)  before 

acidification; 

A.  1/2 

B.  1 
C  2 

D.  3  . 

53.  How  often  is  the  sodium  thiosulf  ate  solution 
standardized  when  ocean  stations  a^e  taken? 

A.  At  the  beginning  of  each  station 

B.  Once  every  other  day 

C.  Every  five  days 

D.  _Once  a  week 


titration  the  second  end  point 
 ml  of  the  first 


54.  During 
must^gree  to^ 
end  point. 

A.  0.01 

B.  0.02 

C.  0.03 

D.  0.04 


55.  A 'periodic  check  of  the  quality  of  the  oxygen 
analysis  reagenlff  is  accomplished  by       %  • 


A. 
B. 

C. 
D, 


making  a  blank  determination 
standardizing  the  sodium  thiosulf  ate  solu- 
tion 

computing  the  normality  of  the  solution 
Checking  the  shelf  life  date  gf  the  chem- 
icals 


SEVENTH  ASSIGNMENT 

In  Pamphlet  No.  465  read  from  Processing 
Station  Data  on  page  82  through  page  .  95  and 
and  answer  questions  56  through  60. 

$6.  What  is  the  advantage  of  processing  oc^an- 
ographic  data  aboard  ship  instead  of  at  a  land 
station? 

A.  It  provides  more  stable  conditions 

B.  It  provides  an  immediate  guide  for. 
future  observations 

C*  There  is  more  work  space  available 
D.   Quality  control  is  easier  to  maintain 
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57.  The^  calibration  sheet  of  a  reversing  ther- 
mometer^ provides  which  of  the  below  factors? 


2.  Q- factor 

3.  /O  m 

A#   1  and  2 
f      B.   1  and  3 
C.   1  only 
2  only 

58.  How  can  you  determine  accepted  depth  from 
the  L-Z  graph?  m  1 

A#   Divide  the  wire  length  by  the  L-Z  value 
B.   Multiply  the  LrZ  jalue  by  the  wire  length 
C#   Subtract  the  L-Z  value  from  the  wire 
length 

D#   Add  the  wire  length  to  the  L-Z  value 


59.  In  figure  '58,  what  is  the  density  value  of 
thd  water  at  point  00? 

A.  15.5 

B.  .24.7  -  . 
*Se.  27.4 

D.  33,5  ' 


60.  In  figure  61,  what  is  the  current  direction 
and  velocity  in  cm/sec  at  a  point  of  33*  latitude, 
118*  longitude?  ■  J 

*  * 

A.  NE-6 

B.  S\V-6  , 

C.  NE-13 

D.  SW- 13 
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INTRODUCTION 

t 

You  are  on  your  way  to  advancement  as  a  Marine  Science  Technician. 
Most  of  you,  if  n6t  all  of  you,  are  graduates  of  MST  "A"  School  and  have 
a  good  working  knowledge  of  your  .rate  as  a  whole.  In  this  course  there  will 
be  areas  of  review  as  well  as  areas  of  new  material. 

In  this  first  pamphlet  of  your  course,  you  will  find  a  review  of  basics 
that  are  vital  to  the  accomplishment  of  the  varied  tasks  that  you  will  encounter 
both  afloat  and  ashore.  The  pamphlet  is  constructed  so  that  those  of  you  who 
may  be  hazy  in  math  mi#it  dig  a.  little  deeper  to  find  understanding  in  those 
areas  where  you  may  feel  weak.  On  the  other  hand,  some  of  ygu  will  find  that 
you  can  breeze  right  through  the  math  with  minimum  study.  The  purpose  of 
the  lesson  on  math  is  to  increase  your  understanding  of  basics  and  not  to  burden 
you  in  the  drudgery  of  problem  solving. 

Because  of  the  complexify  of  physics,  this  pamphlet  deals  wttlf  the  applica- 
tion Of  physics  rather  than  with  the  broad  scope  of  physics.  In  most  cases  the 
laws -of  motion,  force,  and  energy  apply  equally,  well  to  both  theratmosphere  , 
and.  the  hydrosphere.  Even  though  the  atmosphere  an<P the  hydrosphere  are 
both  fluids,  this  pamphlet  deals  with  the  application  of  physics  to  meteorology 
in  more  detail  than  to  oceanography.  At  times,  reference  is  made  to  the  appli-  , 
cation  of  a  law  or  theory  in  a  controlled  environment  in  order  to  produce  ideas 
that  we,  as  Marine  Science  Technicians,  might  apply  to  the  problems  we  en- 
counter on  a  daily  basis. 
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NUMBER  SYSTEMS 


COUNTING 

Counting  is  such  a  basic  and  natural  process 
that  we  rarely  stop  to  thin£  about  it.  The  proc- 
ess is  based  on  the  idea  of  ONE-TO-ONE  COR- 
RESPONDENCE, which  is  easily  demonstrated 
by  using  the  fingers.  When  children  count  on 
their  fingers,  they  are  placing  each  finger  in 
one-to-one  correspondence  with  one  of  the  ob- 
jects being  counted.'  Having  outgrown  finger 
counting,  we  use  numerals. 


from  0  through  9  are  called  digits,  and  an 
integer  may  have  any  number  of  "digits.  For 
example,  5,  32,  and  7,049  are  all  integers.  The 
number  of  digits  in  an  integer  indicates  its 
rank;  that  is,  whether  it  is  "in  the  hundreds," 
"in  the  thousands,"  etc.  The  idea  of  ranking 
numbers  in  terms  of  tens,  hundreds,  thousands, 
etc.,  is  based  on  the  PLACE  VALUE  concept. 


PLACE  VALUE 


NUMERALS 

Numerals  are  number  symbols.  One  of  the 
simplest  numeral  systems  is  the  Roman  nu- 
meral system,  in  which  tally  marks  are  used  to 
represent  the  objects  being  counted.  Roman 
numerals  appear  to  be  a  refinement  of  the  tally 
method  still  in  use  today.  By  this  method,  one 
makes  short  vertical  marks  until  a  .total  of  four 
is  reached;  when  the  fifth  tally  is  counted,  a 
diagonal  »  mark  is  drawn  through  the  first  four 
marks.  Grouping  by  fives  in  this  way  is  remi- 
niscent of  the  Roman  numeral  system,  in  which 
the  multiples  of  five  are  represented  by  special 
symbol^. 

A  number  may  have  many  "names^*  For 
example,  the  number  6  may  be  indicated  by  any 
of  the  fpllowing  symbols:  ,9  -  3,  12/2»  5  +  1,  or  . 
2  x  '3.  The  important  thing  to. remember  is  that 
a  number  is  an  idea;  various  symbols  used  to 
indicate  a  number  are  merely  different  ways  of 
expressing  the'same  idea. 


POSITIVE  WHOLE  NUMBERS 

The  numbers  which  are  used  for  counting  in 
our  nurtntfeer  system  are  sometimes  called  natu- 
ral numbers.  They  are  the  positive  whole  num- 
bers, or  to  use  the*  more  precise  mathematical 
term,  positive  INTEGERS.  The  Arabic  numerals 


Although  a  system  such  as  the  Roman  nu- 
meral system  is  adequate  for  recording  the 
results  of  counting,  it  is  too  cumbersome  for 
purposes  of  calculation.  Before  arithmetic  could 
develop  as  we  know  it  today,  the  following 
two  important  concepts  were  needed  as  addi- 
tions to  the  counting  process: 

1.  The  idea  of  0  as  a  number. 

2.  Positional  notation  (place  value). 

Positional  notation  is  a  form  of  coding  in 
m  which  the  value  of  each  digit  of  a  number  de- 
pends upoQ  its  position  in  relation  to  the  other 
digits  of  the  number.  The  convention  used  in 
our  number  system  is  that  each  digit  has  a- 
higher  placer  value  than  those  (Jlgits  to  the  right 
of  it.- 

The  placs  value  which  corresponds  to  a  given 
position  in  a  number  is  determined  by  "the  BASE 
of  the  number  system.  The  base  which  is  most 
*  commonly  used  is  ten,  and  the  system  with  ten 
as  a  base  is  cMled  the  decimal  system  (decern 
is  the  Latin  word  for  ten).  Any  number  is  as- 
sumed to  be  a  base-ten  number,  unless  some 
other  base  is  indicated.  One  exception  to  this 
rule  occurs  when  the  subject  of  an  entire  dis- 
cussion is  some  base  other  than  ten.  For  ex- 
ample, in  the  discussion  .of  binary  (base  two) 
numbers  later  in  this  section,  all  numbers  are 
sumed  to  be  binary  numbers  unless  some 


so 


other  base  is  indicated.  A* 

DECIMAL  SYSTEM 

In  the  decimal  system,  each  digit  position  in 
a  number  has  ten  times  the  value  of  the  position 
adjacent  to  it  on*  the  right*  For  example,  in  the 
number  11,  the  1  on  the  left  is  said  to  be  in  the 
"tens  place/9  and  its  va^lue  is  10  times  as  great 
as  that  of  the  1  on  the  right.  The  1  on  the  rigfctt 
is  said  to  be  In  the  "units  place,"  with  the  un- 
derstanding that  the  term  "unit"  in  our  system 
refers  to  the  numeral  1.  Thus  the  number  11 
is  actually  a  coded  symbol  which  means  "one 
ten  plus  one  unit."  Since  ten  plus  one  is  eleven, 
the  symbol  11  represents  the  number  eleven. 

Figure  1  shows  the  names  of  several  digit 
positions  in  the  decimal  system.  If  we  apply 
this  nomenclature  to  the  digits  of  the  integer 
235,  then  this  number  symbol  means  "two  hun- 
dreds plus  three  tens  plus  five  units."  This 
number  may  be  expressed  in  mathematical 
symbols  as  follows: 


The  comma  which  appears  in  a  number  sym- 
bol such  as  4,S72  is  used  for  "pointing  off*  the 
digits  into  groups  of  'three  beginning  at  the 
right-hand  side.  The  first  group  of  three  digits 
on  the  right  is  the  units  group;  the  second  group 
is  the  thousands  group;  the  third  group  is  the 
millions  group;  etc.  Some  of  these  groups  are 
shown  in  table  1. 

Table  1.— Place  values  and  grouping. 
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2  x  10  x  iO  +  3x10x1  +  5x1 

, Notice  that  this  bears  out  our  earlier  statement: 
each  digit  position  has  10  times  the  value  of  the 
position  adjacent  to  it  on  the  right. 
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Figure  1.— Names  of  digit  positions,  ' 

The  integer  4,372  is  a  number  symbol  Whose 
meaning  is  "four  thousands  plus  three  hundreds 
plus  seven  tens  plus  two  units."  Expressed  in 
mathematical  symbols,  this  number  is  as  fol- 
lows: 

4  x  1000  +  3x  100  +  7x  10  +  2x1 


By  reference  to  table  1,  we  can  verify  that 
5,432,786  is  read  as  follows:  five  million,four 
hundred  thirty-two  thousand,  seven  huftdred 
eighty-six.  Notice  that  the  word  "and"  is  not 
necessary  when  reading  numbers  of  this  kind. 

^       Practice  problems: 
.  1,    Write  the  number  symbol  for  seven  thousand 
two  hundred  eighty-one. 

2,  Write  the  meaning,  in  words,  of  the  symbol 
23,469. 

3.  If  a  number  is  in  the  millions,  it  must  have 
at  least  how  many  digits? 

^.    If  a  number  has  10  digits,  to  what  number 
group  (thousands,  millions,   etc.)  does  it 
belong? 


1, 
2. 

3, 
4, 


Answers: 
7,281 

Twenty- three  thousand,  four  hundred  sixty- 
nine. 
7 

Billions 


This  presentation  *may  be  broken  down  further, 
in  order  to  show  that  each  digit  position  has  10 
times*  the  place  value  of  the  position  on  its 
right,  as  follows: 

4  x  10  Xl00+3xl0xl0+7xl0xl  +  2xl 


BINARY  SYSTEM 


The  binary  number  system  is  Constructed  in 
the  same  manner  as  the  decimal. system*.  How- 
ever, since  the  base  in  this  system  is  twbt  only 


I 


81 


two'  digit  symbols  are  needed  for  writing  num- 
bers. These  two  digits  are  1  and  0,  In  order 
to  understand  why  only  two  digit  symbols  are 
needed  in  the  binary  system,  we  may  make 
some  observations  about  the  decimal  system 
and  then  generalize  from  these. 


One  of  the  most  striking  observations  about 
number  systems,  which  utilize  the  concept  of 
place  value  is  that  there  is  no  single-digit  sym- 
bol fpr  the  base.  For  example,  in  th.e  decimal 
system  the  symbol- ior  ten,  the  base,  is  10.  This 
symbol  is  compounded  from  two  digit  symbols, 
and  its  meaning  may  be  interpreted  as  "one 
base  plus  no  units."  Notice  the  implication  of 
this  where  other  bases  are  concerned:  Every 
system  uses  the  same  symbol  for  the  base, 
namely  10.  Furthermore,  the  symbol  10  is  not 
called  "ten""  except  in  the  decimal  system. 


Suppose  that  a  number  system  were  con- 
structed with  five  as  a  base.  Then  the  only 
digit  symbols  needed  would  be  0,  1,  2,  3,  and  4. 
No  single-digit  symbol  for  five  is  needed,  since 
the  symbol  10  in  a  base-five  system  with  place 
value'  means  "one  five  plus  no  units."  In  gen- 
eral, in  a  number  system  using  base'N,  the 
largest  number  for  which  a  single-digit  symbol 
is  needed  is  N  minus  1.  Therefore,"  when  the 
base  is  two,  the  only  digit  symbols' needed  are 
1  and  0. 


An  example  of  a  binary  number  is  the  symbol 
101.  We  can  discover  the  meaning  of  this  symbol 
by  relating  it  to  the  decimal  system.  Figure  2 
shows  that  the  place  value  of  each  digit  position' 
in  the  binary  system  is  two  times  the  place 
value, of  the  position  adjacent  to  it  on  the  right. 
Compare  this  with  figure  1,  in  which  the  base 
is  ten  rather  than  two. 


Figure  2.— Digit  positions  in  the  binary  system. 

Placing  the  digits  of  the  number  101  in  their 
respective  blocks  on  figure  2,  we  find  that 
101  means  "one  four  plus  no  twos  plus  one  Unit." 
Thus  101  is  the  binary  equivalent  of  decimal  5. 
If  we  wish  to  convert  a  decimal  number,  such 
as  7,  to  its  binary  equivalent,  we  must  break  it 
into  parts  which  are  multiples  of  2.  Since  7  is 
equal  to  4  plus  2  plus  1,  we  say  that  it  "con- 
tains" one  4,  one  2,  and  one  unit.  Therefore, 
the  binary  symbol  for  decimal  7  is  111. 

The  most  common  use  of  the  binary  number 
system  is  in  electronic  digital  computers.  All 
data  fed  to  a  typical  electronic  digital  computer 
is  converted  Xo  binary  form  and  the  computer 
performs  its  calculations<  using  binary  arith-1 
metic  rather  than  decimal  arithmetic.  One  of 
the  reasons  for  this  is  the  fact  that  electrical 
and  electronic  equipment  utilizes  many  switch- 
ing circuits  in  which  there  are  only  two  operat- 
ing conditions.  Either  the  circuit  is  "on"  or  it 
is  "off."  and  a  two-digit  number  system  is 
ideally  suited  for  symbolizing  such  a  situation. 

Further  information  on  number  systems  and 
their  application  to 'the  problems  of  Marine 
Science  will  be  given  in  Section  5. 

Practice  problems: 

1.  Write  the  decimal  equivalents  of  4he  binary 
numbers  lioi,  1010,  1001,  and  1111. 

2.  Write  the  binary  equivalents  of  the  decimal 
numbers  12,  7,  14,  and  3* 

Absw^rsf: 

1.  13,  10T&,  and  15 

2.  1100flll,1110tand  11 
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ARITHMETIC 


DEFINITIONS 


MC 


ARITHMEHC 


That  branch  of  mathematics  dealing  with 
computation  by  numbers  is  arithmetic.  The  prin- 
cipal processes  involved  are  addition,  subtraction, . 
multiplication,  and  division.  Any  number  that 
can  be  stated  or  indicated,  however  large  or 
small,  is  called  a  finite  number;  one  too  large 
to  be  stated  or  indicated  is  called  an  infinite 
number;  and  one,  too  small  to  be  stated  or 
indicated  is  called  an  infinitesimal  number. 

The  sign  of  a  number  is, the  indication  of 
whether  it  is  a.  positive  <+)  or  negative  (-). 
■V  positive  number  is  one*  having  a  positive  sign 
(+);  a  negative  number  is  ene  having  a  negative 
sign  (-).  iThe  absolute  value  of  a  number  is  that 
number  without  regard  to  sign.  Thus,  the  abso- 
lute value  of  both  (+)8  and  (-)8  is  8.  Generally, 
a  number  without  a  sign  can  be"  considered 
positive. 


EXPRESSING  NUMBERS  ; 

In  Marine  Science,  fractions  are  usually 
expressed  as  decimals.  Thus,  i/4  is  exprg 
as  0.25  and  1/3  as  0.33.  To  determi 
decimal  equivalent  of  a  ,  fraction,  divi^j 
,  numerator  (the  number  above  the  linei 
denominator  (the  number  below  the  lir 
a  decimal  is  less  than  1,  as  in  the^ 
above,  it  is  good  practice  to  shoy 
at  the,  left  of  J;he  decimal  point  (0. 


t  A  number  should  not  be 
greater  precision  thart  justified, 
of  a  ^decimal  is  Indicated  by.  the 
shown  to  the  right  of  the  decimal 
expression  "14  miles"  indie 
to  the  nearest  whole  mile,  or 


13.5  and  14.5  miles.  Theexprej 
igfc|lcat€fe  .  a  precision  of  p^Jb 
I  any  value  .between  13.95  an< 


resXed  to  a 
he*  precision 
beifof  digits 
ius,  the 
precision 
y  value  between 


rton'"14.0  miles" 
Ih  of  a  mile,  or 
[OS  miles. 


in  a  number  without  a  "  decimal,  there  is 
-  sometimes  doubt  as  to  the  degree  of  precision  ' 
indicated.  «  For  example,  the  ,  number  186,000 
maty  indicate  a,  precisior^to  Jhree,  four,  Ave, 
or  six  places.  This  ambiguity  is  sometimes// 
avoided  -  by  expressing  numbers  as  powers  of 
.  10,  Thus  18.6x10?  (18.6x10,000)  indicates  pre- 
cision teethe  nearest  thousand  (three  places), 
18.60x10  ^to  the  nearest  hundred  (four  places), 
18.600x10,  .to  the  nearest  ten  (Ave  places),  and 
18.6000xio  to  the  nearest  unit  (six  places). 
The  position  of  Jthe  decimal  is  not  Important 
if  the  correct  power  df  10  is  given.  For  example, 
18.6xl04  is  the  same  as  1.86x10*,  186x10*,  etc. 


The  small  number  above  and  to  the  right  of 
10  (the  exponent)  indicates  the  number  of  places 
the  decimal  point  Is  'to  be  moved  to  the  right. 
If  the  exponent  is  negative,  it  indicates  a  recip- 
rocal, and  the  decimal  point  is  moved  to  the  left. 
Thus.  1 1.86x10"*  *  0.00000186,  This  System  is 
sometimes  used  .to  avoid  long  numbers. 

x  Another  way  of  indicating  degree  of  pre- 
cision '  is  to  state  the  number  of  significant 
digits.^  These  are  the  digits  in  a  number,  ex- 
cluding zeros  at  the  left  and  sometimes  those 
,  at  the  rtghtvThus,  1,325, 1,001, 1.408,0.00005926, 
625.0,  and  0.04000  have  four  significant  digits 
each.  But  in,  the  number  312,600  there  may  be 
four,  Ave,  or  six  significant  digits.  Any  doubt 
may  be  removed  by  expressing  the  number* 
times  a  power  of  10,  as  explained  above. 

If  there  are  no  more  significant  digits, 
regardless  of  how;  far  a  computation  is  carried, 
this  may  be  indicated  b^  use  Of  the  word  "ex- 
actly." Thus,  12—4^3  exactly,  and  one  nautical 
mile  a  1,852  meters  exactly;  but  12-~7»1.7< 
approximately,  the  word  "approximately"  in- 
dicating that  additional  decimal  ~  places  might 
be  computed.  Another  way  of  indicating  an 
approximate,  relationship  is  by  placing  a*  positive 
or  negative  sign  after  the  number.  Thus,  l2«J-7= 
1.?+,  and  11-2-7=1.6-.  This  system  has  the  ad- 
vantage of  showing  whether  the  approximation 
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is  too  great  or  too  sftall. 

In  any  arithmetical  computation,  the  answer 
is  no  more  accurate  than  the  least  precise 
value  used.  Thus,  if  it  is  desired  to  add  16.4 
and  1.88,  the  answer  might  be  given  as  18*28, 
but  since  the  first  term  might  be  anything  from 
16.35  to  16*45,  the  answer  is  anything  from 
18.23  to  18.33.  Hence,  to  retain  the  second  deci- 
mal place  in  the  answer  is  to  give  a  false  indi- 
cation of  accuracy,  for  the  number  18.28  indi- 
cates a  value  between  18.275  and  18.285.  How- 
ever, additional  places  ^re  sometimes  retained 
until  the  end  of  a  computation  to  avoid  an  ac- 
cumulation of  small  errors  due  to  rounding  off. 

In  general,  a  value  obtained  by  interpolation 
in  a  table  should  not  be  expressed  to  more 
decimal  places  than  given  in  the  table. 

PRECISION  AND  ACCURACY 

The  word  "precision*?  as  used  above  "is. not* 
the  same  as  "aqcuracy,"  although  the  two  are 
sometimes  confused.  A  quantity  may  be  expressed 
to  a  greater  precision  than  is  justified  by  the 
accuracy  of  the  information  from  which  the  quan- 


tity is  derived.  For  ins' 
one  mile  in  3  21s 


€e,  if  a  ship  steams 
its  steed  is  60m-f-3m21s= 


60-f  3.35=17.910447761194  /knots,  approximately. 
The  division  can  be  carrlfed  to  as  many  places 
as  desired;  but  if  the  tiAe  is  measured  only 
to  the  nearest  secondr  the  speed  is  accurate  1 
only  to  one  decimal  place  in  this  example, 
because  an  error  of  0.5  second  introduces  an 
error  of  moVe  tha6  0.05  <l^not  in  the  speed. 
Hence,  the  additional  places  are  meaningless 
and  possibly  misleading,  unless  more  accurate 
time  .  is  available.  In  general,  it  is  npt  good 
practice  to  state  a  quantity  to  greater^recision 
than  justified  by  its  accuracy. 

the  absolute  precision  of  a  Ifcimber  is 
indicated  by  its  number  pf  decimal  plktes;  its 
relative  precision  by  its  number  of  signtfktent 
digits.  Although  "absolute"'  and  "relative'.1  a* 
indications  ot^the  degree  of  precision,  they  may 
#lso  be  measu^^^of  accuracy.  Thus  the  expres- 
sions absolute  accuracy  and  relative  accuracy 

0  afe  psed.  However,  the  term  "accuracy"  should 
notlbe  used  when  "precision"  orily  is  intended. 

'#hus,  the;  values  186,000.  and  0.00000186  may 
each  have  three  significant  digits,  or  "be  correct 
to  three  digits,"  although  the  firstfvalue  may 
be  accurate  (''absolute  accuracy")  only  to  the 
nearest  1,000,  and  the  second  to  the  nearest 


0.00000001.,- If  the  numbers  are  accurate  io  the 
number  of  significant  digits  shown,  each  has 
an  error   {"relative  accuracy")   of  less  than 
"one  part  in  186." 
> 

Unless  all  numbers  are  exact,  doubt  exists 
as  to  the  accuracy  of  the  last  digit  ,  in  a  com- 
putation. Thus,  12.3+9.4+4.6=26.3.  But  if  the 
three  terms  to  be  added /have  been  rounded  off 
from  12.26,  9.38,  and  4.57,  the  correct  afl*wer 
is  26.2.  It  is  obtained  by  rounding  off  the  answer 
of  26.21  found  by  retaining  the  second  decimal 
place  until  the  end.  It  is  good  practice  to  work 
with  one  more  place  than  needed  in  the  answer, 
when  the  information  is  available.  In  computa- 
tions involving  a  large  number  of  terms,  or  if 
great  accuracy  is  desired,#  it  is  sometimes 
advisable  to  retain  two  or  more  additional  places 
until  the  end.  4£> 


ROUNDING  OFF 


In  rounding  off  numb$rs£o-the  number  of 
places  desired,  one  shoulatake  the  nearest 
value.  Thus,  the  number  6.5049  is  rounded  to 
6.505,  6.50,  6.5,  or  7,  dependiie  upon  the  number 
of  places  desired.  If  the  nuTrroer  to  be  rounded 
off  ends  in  5,  the  nearer  even  number  is  taken. 
Thus,  1.55  and  1.65  are  both  rounded  to  1.6. 
Likewise,  12.750  is  nbunded  to  12.8  if  only 
one  decirriai  place  is  desired.  However,  12.749 
is  rounded  to  12,7..  Tlkt  is,  12.749  is. not  first 
rounded  to  12.75  and  thbn  to  12.8,  but  the  Entire 
number  is  rounded  in  one  operation.  W^ena- 
number  ends  in  5,  the  computation  can  sometimes 
be  carried  to  additional  places  to  determine 
whether  the  correct  value  is  more  or  less  than  5. 


RECIPROCALS 


The  refciprbcal  of  a  number  is  1  divided 
by 'that  nuifiber.-Vhe  ^reciprocal  of  a  fraction 
is  obtained  by  interchanging  the  numerator]  and 
denominator.  Thus,  the  reciprocal  of  3/5  is  \5/^* 
A  whole  number  may  be  considered  a  fraction 
with  1  as  the  denominator.  Thus,  54  the  same 
as  54/1,  aqd  its  reciprocal  is  1/54.  Division 
by  a  number  produces  th£  same  result,  as 
multiplying  by  its  reciprocal,  %t  vice  versa. 
Thus,  12^2=12x1/2=6,  and  12x2=12-f- 1/2*24. 


ADDITION 


rounding  off  at  the  start: 


When  two  or  more  numbers  are  to  be  added, 
4*r  is  generally  most  convenient  to  write  them 
in  a  column,  with  the  decimal  points  in  line. 
Thus,  if  31,2.  0.8874,  and  168,14  are  to  be  added, 
"  this  may  b^indicated  by  means  of  the  addition 
sign  (*•);  31iHr8874+168,14*200.2:  But  the  addi- 
tion can  bf^performed  more  conveniently  by 
arranging  the  numbers  as  follows: 

31.2' 
0.8874, 
168.14 
200,2 

m 

The  answer  is  given  only  to  the  first  decimal 
place,  because  the  answer  is"  no  more  accurate 
than  the  least  precise  number  among  those  to 
be  added,  as  indicated  previously.  Often  it  is 
preferable  to  state  all  numbers  In  a  problem 
to  the  same  precision  before  starting  the  addition, 
although  this  may  introduce  a  small  error  as 
indicated  previously: 

31.2 
0.9 
168,1 


200.2 


If  there  are  no  decimals,  the^last  digit  "to  &e 
right  is'  aligned: 

166 
2 

96,758  • 
*     96,926  < 

Numbers  to  be  added  should  be  given  to  the 
same  absolute  accuracy,  when  available,  to  avoid 
a  false  impression  of  accuracy  in  the  result/ 
„  Consider  the  following: 

f  '  ' 

186,000  * 
r    71,832  ' 
*  '9,614 
'  728 
-368,174  . 

The  answer  would  imply  *an  accuracy  to  six 
places,  if  the  first  number  given  is  accurate 
to  onbr  three  places,  .or  to  the  nearest  1,000, 
tfjja^mswer  is  not  more  accurate,  and  hence  the 
answer  should  be  given  as  268,000.  Approxi- 
mately the  answer  would  be  obtained  by 


186,000 
72,000 
10,000 
1.000 

269,000 


If  numbers  are  added  arithmetically,  their 
absolute  values  are  added  without  regard  to  signs; 
but  if  they  are  added  algebraically,  due  regard 
is  given  to  signs.  If  two  numbers  to  be  added 
algebraically  have  the  same  sign,  their  absolute  ' 
values  are  added  and  given  their  common  sign. 
If  two  numbers  to  be  added  algebraically  have/ 
unlike  signs,  the  smaller  absolute  value  is  suti?\ 
tracted  from  the  larger,  and  th^  sign  ,of  fi\e 
value  having  the  larger  absolute  value  is  given 
to  the  result.  Thus,  if  +8  and  -7  are  adjied , 
arithmetically,  the  answer  is  15,  but  if  they 
are  added  algebraically,  the  answer  is  +1. 

An  answer  obtained  by  addition  is  called 
£  sum. 


SUBTRACTION  »  . 

The  inverse  of  addition  is  subtraction.  Stated 
differently,  the  addition  of  a  negative  number  is 
the  same  as -the  subtraction  of  a  positive  number. 
That  is,  if  a  number  Is  to  he  subtracted  from 
arfother,  the  sign  (  +  or  -  J  of  the  subtrahend 
(the  number  to  be  subtracted)  is  reversed  and  the 
result  added  algebraically  to  the  minuend  (the 
number  from  which  the  subtrahend  is  to  be  sub- 
tracteeft.  Thus,  6-4=*2,  This  may  be  written 
+6  -'(+4)=+2f  which  ' yields  the  same  result  as 
+6, +(-4).  For  solution,  larger  numbers  are  often 
conveniently  arranged  in  a  column,  with  decimal 
pqints  in  a  vertical  column,  as'  in  Addition. 
Thife/ 3,728.41-1,861.16  may  be  written 


(+)3,728,41 
(+)1.86i:i6  (subtract) 
(+)1, 867,25 


This 


sa: 


aptf^  as 


(+)3,728.41 

(-)1.861«16  (add  algebraically) 
(+)1,867425 


The  rule  of  sign  reversal  applies  likewise 
to  negative  numbers.  Thus,  if  -3  is  to  be  sub- 
tracted from  +5,  this  may  be  written  +5- (-3)= 
5+3=8. 

In  the  algebraic  .addition  of  two  numbers  6f 
^  opposite  sign  (numerical  subtraction),  thesmaller 
number  is  subtracted  from  the  larger  and  the 
result  is  given  the  sign  of  the  larger  number. 
Thus,  .+7-4»+3,  ajad  -7+4«-3,  which  is  the  same 
as  +4-7=-3i 

* . 

The  symbol  ^  indicates  that  an  absolute 
difference  is  required  without  regard  to  sign  of 
the  answer.  Thus,  28**13=15,  and  13~28=15.  In 
both  of  these  solutions  13  and  28  are  positive 
and  '  15  is  an  absolute  value  without  sign.  If  the 
signs  or  names  of  both  numbers  are  the  same, 
either  positive  or  negative,  the  smaller  is  sub- 
tracted from  the  larger,  but  if  they  are  of 
opposite  sign  or  name,  they  are  numerically 
added.  Thus,  (+)lfr^(+)21=5  and  (-)16^(-)21=5f 
but  (+)16~(-)21=37  and  (-)16*~(+)21=37. 

If  numbers  are  subtracted  arithmetically, 
they  are  subtracted  "without  regard  to  sign;  but 
.if  they  are  subtracted  algebraically,  positive 
(+)  numbers  are"  subtracted  and  negative  (-) 
numbers  are  added. 

*    An  answer  obtained  by  subtraction  is  called 
a  difference. 


MULTIPLICATION  * 

Multiplication  may  be  indicated  by  the  multi- 
plication sign  (x),  as  154x28=4,312.  For  solution, 
the  problem  is  conveniently  arranged  thus:  * 

* 

154 
(x)28 


1232 

•    308  ,^  '* 
.  4312 

Either  numfier  may  be  given  first*  but  it  is 
generally  more  convenient  to  perform  the  multi- 
plication if  the  larger  number  i  is  placed  on^top, 
as  shown.  In  this  problem,  154  is  first  multi- 
plied by  8  and  then  Dy  2.  The  second  answer  is 
'placed  under  the  first,  but  set  one  place  to  the 
left,  so  that  the  right-hand  digit  is  directly 
below  th^^.  These  steps,  might  b%  ^reversed, 
multiplication  by  2.  being  performed  first.  This 
procedure  is  -  sometimes  used  in  estimating. 


When  one  number  is  placed  below  another 
for  multiplication,  as  shown  above,  it  is  usually 
best  fe>  align  the  right-hand  digits  without  regard 
for  the  position  of  the  decimal  point.  The  number 
of  decimal  -places  in  the  answer  is  the  sum  of 
the  decimal  places  in  the  multiplicand  (the  number 
to  be  multiplied)  and  the  multiplier  (the  second 
number): 
■    *  \  163,27 

■    (x)  263.9 
"    v  146943 
48981 
97962. 
32654  « 
43086,953.       '  * 

However,  when  a  number  ends  in  one  or  more 
^eros,  these  may  be  ignored  until  the  end  and 
men  added  on  to  the  number:  * 

'  1924 

[xEigoo  ' 

15392 

1924 

3463200 

This  is  also  true  if  both  multiplicand  and  multi- 
plier end  in  zeros: 

1924000 
(x)  1800 


15392 
1924  ' 
3463200000 


When  negative  values  are  to  be  multiplied, 
the  sign  of  the  answer  is  positive  if  an  even 
number  of  negative  signs  appear,  and  negative 
if  there  are  an  odd  number.  Thus,  2x3»6,r2x(-3)« 
-6,*  -2x3»-6,  -2x(-3)«(+6).  Also,  2x3x8x(-2)x5« 
-480,  2x(-3)x8x(-2)x5»480,  2x(-3)x(-8)x(-2)x5« 
-480,  2x(-3)x(-8)x(-2)x(-5)«480,  and  (-2)x(-3)x 
(-8)x(-2)x(-5)«-480.  ^  v 

An  answer  obtained  by  multiplication  is 
called  a  product.  Any  number  multiplied  by  1 
is  the  number  itself,  fhus,  125x1=125,  Any 
number  multiplied  by  0  is  0.  TMs,  125x0-0 
and  1x0=0.      ■  . 


DIVISION 

Division  is  the  inverse  [of  multiplication.  It 
may  be  indicated  by  the  division  sign  (-Sfc  as 


i>6 


376:f2l»18  approximately;  or  by  placing  the 
number  to  be  divided,  called  the  dividend  (376), 
over  the  other  number,  called  the  diyisor  (21), 
as  -*  18  approximately.  The  expression^- 
may  be  written  376/2,1  with  the  same  meaning. 
Such  a  problem  Is  conveniently  arranged  for 
solution  as  follows; 

17 

21 J  376  < 
21 
166 
147 
19 

Since  the  remainder  is  19,  or  more  than  halfr-\ 
of  the  divisor  (21),  the  answer  to  the  nearest 
whole  number  is  18, 

An  answer  obtained  by  division  is  cabled 
£  quotient.  Any  number  divided  by  1  is  the 
number  itself.  Thus,  65-f  1=65.  A  number  cannot 
be  divided  by  0. 

If  the  numbers  involved  are  accurate  only* 
to  the  number  of  places  given,  the  answer  should 
not  be  carried  to  additional  places.  However, 
if  the  numbers   are  exact,  the  answer  might 
be    carried    to    as   many  decimal  places  as 
desired.-  Thus,  374       21  *  17.309523809523809- 
523809523809523809523  ....  When  a  series  Sh 
digits  repeat  themselves  with  the  same  remainder, 
as  809523  (with  remainder  17)  in  the  example  given 
above,   an  exact  answer  will  not  be  obtained 
regardless  of  the  number  of  places  to  which  the 
division  is  carried.  The  series  of  dots  (.  .  ,  .) 
indicates  a  repeating  decimal.  In  a  nonrepeating  . 
decimal," a  plus  sign  (+)  may  be  given  to  indicate 
a  remainder,  and  a  minus  sign  (-)  to  .indicate 
that  the  last  digit  has  been  rounded  to  the  next  * 
higher   value.   Thus,  18,68761  may  be  written 
18.6876+  or  18.688-.  U  the  last  digit  given  is 
rounded  off,  the  word  "approximately"  may  be 
used  instead  of  dots  or  a  plus  or  minus  sign. 

If  the  divisor  is  a  whole  number,  the  deci- 
mal point  in  the  quotient  is  directly  above  that 
o^the  dividend  when  tlje^work  form  shown  above 
*is  used.  Thus,  in  the  example  given  above, 
if  the  dividend^  had  been  37.6,  instead  of  .376, 
the  quotient  would  have  been*  1.8  approximately. 
If  the  divisor  is  a  decimal,  both  It  and  the 
dividend  are  multiplied  by  the  power  of  10 
having  an  exponent  equal  to  the  number  of  deci- 
.mal  places  in  the  divisor, 4  and  the  division  is 


then  carried  out  as  explained  above.  Thus,  if 
there  are  two  decimal  places  in  the  divisor, 
both,  divisor  and  dividend  arc  multiplied  In 
10*  n  100,  This  is  done  by  moving  the  decimal 
to  the  right  until  the  divisor  is  a  whole  number. 
If  necessary,  zeros  are  added  to  the  dividend. 
Thus,  if  3,7  is  to  be  divided  by  2,11,  both  quan- 
tities are  first  multiplied  by  10*  ,  and  370  is 
divided  by  211.  This  is  usually  performed  as 

follows:  LZ? 

2/1 1  13/70.00 

2J-L 
1590 
1477 
1130 
.1055 
76 

If  botlrthe  dividend  and  divisor  are  positive, 
or  if  both  are  negative,  the  quotient  is  positive; 
but  if  either  is  negative,  the  quotient  is  negative. 
Thus,  6  «f  3  =  2,  (16)  -r  (-3)  =  +2,  (-6)  r  3  =  -2, 
and  6  -f  (-3)  = 

FRACTIONS  , 

The  simplest  type  of  number  otnfer  than  an 
.integer  is.a  COMMON  FRACTION,  The  two  terms 
of  a  common  fraction  are  the  numerator  and  the 
denominator.  Common  fractions  and  integers  to-; 
gether  comprise  a  set  of  number3  called  the 

RATIONAL  NUMBERS, 

•  <. 

Fractions  are  often  classified  as*  proper  or 
improper,  A  proper  fraction  is  one  in  which  the 
numerator  is  numerically  smaller  than  the  denom- 
inator. An  improper  fraction  has  a  numerator 
which  is  larger  than  its  denominator. 

When  the  denominator  of  an  improper  fraction 
is  divided  into  its  numerator,  a  remainder  is  pro- 
duced along  with  the  quotient,  unless  the  numerat- 
or happens  to  be  an  exact  multiple  of  the  denom- 
inator. For  .example,  7/5  is  equal  to  1  plus  a  re-% 
mainder  of  2.  This,  remainder  maybe  shown  as 
a*  dividend  with  5  as  its  divisor,  as  follows: 

7   5  +  2     ,  2 

The  expression  1  +  2/5  is  a  MIXED  NUMBER. 
Mixed  numbers  are  usually  written  without  show- 
ing the  plus  sign;  that  is,  1  +  2/5  is  the  same  as 
1-f-  or  1"  2/5,  When  a  mixed  number  is  written' 
as  J.  2/5,  care  must  be  taken  to  insure  that  there 
is  a  space  between  the  1  and  the  2;  otherwise, 
1  2/5  might  be  taken  to  mean  12/5, 


FUNDAMENTAL  .RULE  OF  FRACTJQNS 

-    Multiplying  05  dividing  both  terms  of  .at  fraj^v 
tion  by  the  same  num'ber  does  nQt^chfhgfe'tW 
value  of  the  fraction.    This  is.  pne  of  the  most* 
important  rules  used  in  dealing  with  fractions. 

The^  following  examples  show  how,  the  funda- 
mental rule  is  usecj:  y*m' 

.  + 

1.  Change  1/4  to  twelfths.  This  problem  is  set 
up  as  follows:    '  ♦ 


1.  3 
8 


30 
? 


2.  4f  J/ 
2-.  48  *  12 


Answers: 


1.  80 
2/11 


90  3  10 


4v£ 

6 


3J  27 
4.  3^ 


5.  1 

9  : 


12 
72 


6.  3 
5 


_? 

25 


.5.  6 
6:  15 


1  ?  • 
4 3 12 

The  first  step  is  to  determine  how  many  4's 
are  contained  in  12.  The  answer  is  3,  so  we 
know  Jhat  the  multiplier  for  both  terms  of .  the 
fraction  is  3,  as  follows:  ]  * 

3  '4 

2.  What  fraction  with 
to  3/4? 


SOLUTION: 


numerator  of  6  Is  equal 


?  4 


We  note  that  6  contains  3  twice;  therefore,  we 
need  to  double  the  numerator  of  the  right-hand 
fraction  to  make  It  equivalent  to  the  numerator 
of  the  fraction  we  seek.  We  multiply  both  terms 
of  3/4  by  2,.  obtaining  8  as  the  denominator  of 
the  new  fraction,  as  follows: 

4 '.3  2 

8';  4  '  2  # 

3.  Change  6/16  to  eighths. 

SOLUTION:'  6. \m  ? 

16  3  8 

We  note  that  the  ^denominator  of  the  fraction 
whflch  we  seek  is  1/2  as  large  a*the  denomiiia- 
tox  pf  the  original  fraction,  Therefor^  the^new 
fraction  may  be  formed  by  dividing  both  terms 
of»  toe  original  fraction  by  2,  as  follows: 


•6  -f-  2 
16  r  2 


Practice  problems.  Supply  the  missing  num-  * 
ber  in  eaqh  of  the  following; 


REDUCTION  TC^feOWEST  TERMS    *         »  . 

It  is  frequently  desirable  ^o  change  a  frac- 
tion-to  an  equivalent  fraction  with  the  smallest 
possible  terms;  that' is,  with  the  smallest  pos- 
sible numerator  and  denominator^  This  process 
is  called  REDUCTION,  Thus,  6/30  reduced,  to 
lowest  terms  is  1/5.  deduction  can  be  accoi?i-' 
plfshed  by  finding  the  largest  factor  that  Is  t 
common  to  both  the  numerator  and, denominator 
and  dividing  both' of  "these  terms  by  it.  Dividing 
both  terms  of  the  preceding  example  by  6  re- 
duces the  fraction  to  lowest  terms.  In'computa- 
tion,   fractions  should  usually  be  reduced  to 
lowest  terms  where  possible. 

If  the  greatest  common*  factor  cannot  readily 
be  foundK  any  commpn  factor  may  }>e  removed 
and  the  process  repeated  until  the  fraction  is  in 
low&st  terms:  Thus,  -jj-  could  first  be  divided 
*  by  2  and  then  by  3. 


18     2  _  9 
48  -r  2  =  24 


9  4-3 
24  -f  3 


Practice  problems.  Reduce  the  folLowiflg 
fractions  to  lowest  terms: 


1.  18 

'  4a 
4. 12 

.  60 


Answers: 


1.  3 

8 

'4.1 
5 


2.  15 

2a 

•5.  18 
*  -24'. 


2.  3 
4 


3.  $5 
56 

6.  9 

144^ 


3.  5 
8 


6.; 


55  -  . 


10- 
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LOWEST  QOMMON  DENOMINATOR 

'  To  Change  unlike  fractions  to  like  fractions, 
it  is  necessary  to  find  a  COMMON  DENOMINA- 
TOR and  it  is  usually  advantageous  to  find  the 
LOWEST  COMMON  DENOMINATOR  (LCD). 
This  is  nothing  more  than  the  least  comnion 
multiple  of  the  denominators.  ♦ 

Least  Common  Multiple 

If  a  number  is  a  multiple  of  two  or  more  dif- 
ferent numbers,  it  is  called  a  COMMON  MULTI- 
PLE. Thus,  24  is  a  common  multiple  of  6  and  2. 
There  are  many  common  multiples  of  these  num- 
bers. The  numbers  36,  48,  and  54,  to  name  a  few, 
are^altfo  common  multiples.of  6  and  2. 

The  smallest  of  the  common  multiples  of  a 
set  of  numbers  is  'called  the  LEAST  COMMON 
'MULTIPLE..  It  is  abbreviated  LCM.  The  least 
common  multiple  of  6  and  2  is  6.  To  find  the 
least  common  multiple  of  a  set  of  numbers, 
first  separate  each  of  the  numbers,  into  prime 
factors: 

Suppose  that  we  wish  to  find  the  LCM  of  14, 
24,  and  30-  Separating  these  numbers  into  prime 
factors  we  have: 


14 
24 
30 


2  •  7 
2*-  3 


3-*5 


The  LCM  will  contain  each  of  the  various  prime 
factors "  shown.  Each  prime  factor  is  used  the 
greatest  number  of  times  that  it  occurs  in  any 
one  of  the  numbers.  Notice  that  3,  5,  and  7  each 
occur  only  once  in  any  one  number.  On  the 
other  hand,  2  occurs  three  times  in  one  number* 
We  get  the  following  result: 


LCM  »  2*- 

=  840 


3-5-7 


Thus,  840  is  the  least  common  multiple  -of  14, 
24,  and  30.  ,  * 


7/ 


DIVISOR  of  the  given  numbers.  It  is  abbreviated 
GCD.  .It  is  also  sometimes  called  the  HIGHEST 
COMMON  FACTOR. 


In  finding  the  GCD  of  a  set  of  number^  se- 
parate the  numbers  into  prime  factors  just  as 
for  LCM.  The  GCD  is  the  product  of  only  those 
factors  that  appear  in  all  of  the  numbers.  Notice 
in  the  example  of  the  previous  heading  that  2  is 
the  greatest  common  divisor  of  14,  24,  and  30. 

Find  the  GCD  of  650,  900,  and  700.  The  pro- 
cedure is  as  follows: 


650  =  25  132 
900  o  2%  .  t>  .  5 
700  -  2   .  5  .7 
GCD  =  2.5  =50 


Notice  that  2  and  5  are  factors  of  each  num- 
ber. The  greatest  common  divisor  is  2  x  25=50. 


USING  THE  LCD 

Consider  the  example 


1  1 

2  +  3 


The  numbers  2  and  3  are  both  prime;  so  the 
LCD  is  6. 


Therefore 
and 


1  3 

2  ~  6 

1  _2 

3  ~6 


•Thus,  the  addition  of  1/2  and  1/3  is  performed 
as  follows: 


2    3    6    6  6 


CANCELLATION 


Greatest  Common  Divisor 

^  The  largest  number  that  c.an  be  divided  into 
each  of  two  or  more  given  numbers  without  a 
remainder  is  called  the  GREATEST  COMMON 


Computation  can  be  considerably  reduced  by 
dividing  out  (CANCELLING)  factors  common  to 
both  the  numerator  and  the  denominator.  We 
recognize  a  ^fraction  as  an  indicated  division. 
Thinking  of  6/9  as  an  indicated  division,  we  re- 


11 
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member  that  we  can  simplify  division  by  show- 
ing both  dividend  and  divisor  as  the  Indicated 
products  of  their  factors  and  then  dividing  like 
factors,  or  canceling.  Thus, 


-  6 
9 


2x3 
3x3 


Dividing  the  factor  3  In  the  numerator  by  3  in 
the  denominator  gives  the  following  simplified 
result: 

1 

2x  tm2 

3x2  3 
1 

This  method,  is  most  advantageous  when  done 
before  any  other  computation.  Consider  the  ex- 
ample: 

1J2 

3  X-2  x  5  . 

The  product  In  factored  form  is 

1x3x2 
3x2x5 

Rather  than  doing  the  multiplying  and  then 
reducing  the  result  6/30,  It  is  simpler  to  cancel 
•like  factors  first,  as  follows: 

11  , 
Ixgx?  1 
2x2x5  5 
1  1 


PERCENT 

The  word  "percent"  is  derlyed  from  Latin. 
It  was  originally  "per  centum,"  which  means 
Mby  the  hundred."  Thus  the  statement  Is  often 
made  that- 'percent  means  hundredths." 


Percentage  dl^als  with  tfie  group  of  decimal 
fractions  whose  denominators  are  100— that  Is, 
fractions  of  two  decimal  places.  Since  hun- 
dredths were  used  so  frequently,  the  decimal 
point  was  dropped  and  the  symbol  %  was  placed 
after  the  number  and  read  "percent"  (per  100). 
Thus/  0.15  and  15%* represent  the  same  value, 
15/100.  The  first  is  read  "15  hundredths,"  and 
the  second  is  read  "15  percent:"  Both  mean  15 
parts  out  qi  100.  - 


Ordinarily,  percent  is  used  in  discussing 
relative  values.  For  example,  25  percent  may 
convey  an  idea  of  relative  value  or  relationship. 
To  say  "25  percent  of  the  crew  is  ashore" 
gives  an  idea  of  what  part  of  the  crew  is  gone,  but 
it  does  not  tell  how  many.  For  example,  25  per- 
cent of  the  crew  would  represent  vastly  different 
numbers  if  the  comparison  were  made  between 
a  WAGB  and  a  WPB.  When  It  Is  necessary 
to  use  a  percent  In  computation,  the  number  is 
written  in  its  decimal  form  to  avoid  confusion? 

•  By  converting  all  decimal  fractions  so  that 
they  had  the  common  denominator  100,  men 
found  that  they  could  mentally  visualize  the 
relative  size  of  the  part  of  the  whole  that  was 
being  considered. 


CHANGING  DECIMALS  TO  PERCENT 

Since  percent  means  hundredths,  any  decimal 
may  be  changed  to  percent  by  first  expressing 
it  as  a  fraction  with  100 1  as  the  denominator. 
The  numerator  of  the  fraction  thus  formed  in- 
dicates how  many  hundredths  we  have,  and  there- 
fore it  indicates  "how  many  percent"  we  have. 
For  example,  0.36  is  the  same  as  36/100.  There- 
fore,  0.36  expressed  as  a  percentage-  would 
be  36  percent.  By  the  same  reasoning,  since  ' 
0.052  Is*  equal  to  5.2/100,  0.052  is  the  same 
as  5.2  percent.  .  <  " 

In  actual  practice,  the  step  In  which  the  de- 
nominator 100  occurs  is  seldom  written  down. 
The  expression  in  terms  of  hundredths  is  con- 
verted mentally  to  percent.  This  results  in  the 
following  rule:  Tp^  change  a  decimal  to  percent, 
multiply  the  decimal  by  100  and  annex  the  per- 
cent sign  (%)/  Since  multiplying  by  10Q  i&s.  the 
effect  of  moving  the  decimal  point  two  places  to 
the  right,  the  rule  Is  sometimes  stated  as  fol- 
lows: To  change  a' decimal  to  percent,  move  V 
the  decimal  point  two  places  to  the  right  and 
annex  the  percent  sign.. 


CHANGING  COMMOJS  FRACTIONS  AND  WHOLE 
NUMBERS  TO  PERCENT  - ,  ^ 

Common  fractions  are  changed  to  percent  by 
first  expressing  them  as.  decimals.  For  exam- 
ple, the  fraction  1/4  is  equivalent  to  the  deci- 
mal 0.25.  Thus,  1/4  is  the  same  as  25  percent, 


\ 


12 


9u 


#3 


.  Whole  numbers  may  be  considered  as  special 
types  of  decimals  {for  example,  4  may.be  writ- 
ten as  4.00)  and  thus  may  be  expressed  in  terms 
of  percentage.  The  meaning  of  an  expression 
such  as  400  percent  is  vague  unless  we  keep  in 
mind  that  percentage  is  a  form  of  comparison." 
For  example,  a  question  which  often  arises  is, 
"How  can  I  have  more  than  100  percent  of  some- 
thing if  100  percent  means  all  of  it?" 

This  question  seems  reasonable,  if  we  limit 
our  attention  to  such  quantities  as  test  scores. 
However,  it  is  also  reasonable  to  use  percent- 
age in  comparing  a  current  set  of  data  with  a 
previous  set.  For  example,  if  the  amount  of 
electrical  power  used  by  a  facility  this  year 
is  double  the  amount  used  last  year,  then  this 
year's  power  usage  is  200  percent  of  last  year's 
usage. 

The  meaning  of  a  phrase  such  as  "200  per- 
cent of  last  year's  usage"  is  often  misinter- 
preted. A  total  amount. that  is  200  percent  of 
the  previous  amount  is  not  the  same  as  an  in- 
crease of  200  percent.  The  increase  in  this 
case  is  only  100  percent,  for  a  total  of  200.  If 
'  the  increase  had  been  200  percent,  then  the 
new .  usage  figure  would  be  300  percent  of  the 
previous  figure. 

Baseball  batting  averages  comprise  a  spe- 
cial case  in  which  percentage  is  used  with  only 
occasional  reference  to  the  word  "percent/' 
The  percentages  in  batting  averages  are  ex- 
pressed in  their  decimal  form,  with  the  figure 
1  000  representing  100  percent.  Although  a  bat- 
ting average  of  0:300  *  is  referred  to  as  "bat- 
ting 300,'  *  this  is  actually  erroneous  nomencla- 
ture from  the  strictly  mathematical  standpoint.  . 
*  The  correct  statement,  mathematically,  would 
be  "batting  pofnt  thfee^zero  zero"  or  "batting 
30  percent."     .  *         v  - 

Practice  problems.  Change  'each  of  the  fol- 
lowing numbers  'to-percent: 


1.  0,0065         ■  ♦  3,<0.363 

2.  1.25  ^   4.  3/£4 

Answers:  I 
1.  0.65%         I     3.  36. 3% 

3.  125%-  75% 


.5,7 
-6.  1/2 


;  -  5..  700% 
6.50% 


CHANGING  A  PERCENT  TO  A  DECIMAL  . 

Since  we  do  not  compute  with  numbers  in  the 
percent  form,  it  is  often  necessary  to  change  a 
percent  b^ck  to  the  decimal  form*  The  proce- 
dure is  just  opposite  to  that  used  in  changing 
decimals  to  percents:  To  change  a  percent  to  a 
decimal,  drop  the  percent  sign  and  divide  the 
number  by  100.  Mechanically,  the  decimal  point 
is  simply  shifted  two  places  to  the  left  and 
the  percent  sign  is  dropped.  For  example,  25* 
percent  is  the  sa'me  as  the  decimal  0.25,  Per- 
cents larger  than  100  percent  are  changed  to 
decimals  by  the  same  procedure  as  ordinary 
percents.  For  example,  125  percent  is  equiva- 
lent to  1,25, 

Practice  problems.  Change  the  following 
percents  to  decimals: 


3^125% 


5.5|% 


1.  2.5% 

2,0.63%  4.25%  6.  9^% 
Answers: 

1.  0.025  ^  •  3*  1.25  5.  5.-75%  *  0.0575 

2.  0-0063  4. 0.25  6.  9.50%  »  .0.095 

THE  THREE  PERCENTAGE  CASES 


To  explain  the  cases  that  arise  in  problems* 
involving  percents,  it  "is  necessary  to  deflne  the 
terms  that,  will  be  used.  Rate  (r)  is  the  number 
of  hundredths  parts^  taken.  This. is  the  number 
followed  by*  the  percent  sign.  The  base  (b)  is^ 
the  whole  on  which  the  rate  operates.  Percent- 
age (p)  is  the  part  6i  the  base  determined  by 
the  rate.  In  the  example 

5%  of  40  *  2  . 

5%  is^the  rate,   40  is  the  base,  and  2  is  the 
percentage* 

There  are  three  cases  that  usually  arise  in 
dealing  with  percentage*  as  follows; 

Case   I— To  find  the  percentage  when  the 
base  and  rate  "are  known. 

*■  EXAMPLE:  What* number  is  6%  of  50? 


Case  II— To  And  the  rate  when  the  base  and 
percentage  are  known, 

EXAMPLE:  20  Is  what  percent  of  60? 

Case  m— To  find  the  base  when  the  percent- 
age and  rate  are  known.  ,  t 
EXAMPLE;  '  The    number'  5   Is  25%  of  what 
number? 

Case  I  ' 

In  the  example  '       ?   *  ** 

*-     /6%of50»?  , 

the  „"of"  has  the  same  meaning  »as  It  does  In, 
fractional  examples,  such  as  ' 


7  of  16  *  ? 
4 


In  other  words,  "of"  means  to  multiply.  Thus, 
to  find  the  percentage,  multiply  the  base  by  the 
rate.  Of  course  the  rate  must  be  changed  from 
a  percent  to  a  decimal  before  multiplying  can 
be  done.  Rate  ^times  base'  equals  percentage. 
Thus, 

"  6%of  50  -  ? 
0.06x50-3 
The  number  that  Is  6%  of  50  is  3.  • 


FRACTIONAL  PERCENTS  • 

A  fractional  percent  represents  a  part  of  1 
percent.  In  a  case  such  as  this,  it  is  sometimes, 
eapier  to  find  1  percent  of  the  number  and  then 
find  the  f raptional  part.  For  example,  we  would 
.find  1/4  percent  of  840  as  follows: 


to  the  multiplicand,  the  rate  corresponds  to  the 
multiplier,  and  the  percentage  corresponds  to 
the  product. 

^50  (base  or  multiplicand)       "  *v 
.06  (rate  or  multiplier)      /  / 
3.00  (percentage  or  product) 

Recalling  that  the  product  divided  by  one  of  Its 
factors'  gives  the.  othter  factor,  we  can  solve  the 
following  problem:    ,    J  * 

*        -       ?%  of  60.*  20 

We  are  given  the  base  (60)  and  percentage  (20). 

60  (base)     °  - 

_?  (rate) 

20  (percentage) 

% 

We  then  divide  the  product  (percentage)  by  the 
multiplicand  (base)  to  get  the  other  factor  (rate). 
Percentage  divided  by  base  equals  rate.  The 
rate  is  found  as  follows: 


20  1 
60  *-3 


.-  33-%  (rate) 

The  rule  for  case  II,  as  illustrated  In  the 
foregoing  problem,  Is  as  follows:  To  find  the 
rate  when  the  percentage. and  base  are  known,, 
divide  the .  percentage  by  the  base.  Write  the 
quotient  In  the  decimal  form  first,  arid  finally 
as^a  percent.  ^ 

Case  III 

The  unknown  factor  in  case  III  Is  the  base, 
and  the  rate  and  percentage  are  known. 


^SL%  of  840  *  0.01  x  840 
■  »8.40, 

therefore,  j%  of  840  m  8.40  x  j 


2.10 


Case  II 


-     EXAMPLE:    .     25%  of  ? »  5 

«.  • 

?  (base)  "  "  . 

'  ■*  •  (rate) 

5.00  (percentage) 

We  divide  the  product  by  its  known  factor  to 
find  ,  the  other,  factor.   Percentage  divided- by 
-  rate  equals  base.  Tfcius, 


To  explain  case  II  and  case  III,  we  notice  in 
the  .foregoing  example  that  the  base  corresponds 


.  5 
.25 


20  (base) 


.92 


w  The  rule  for  case  III  may  be  stated  as  follows: 
To  find  the  base  ,when  the  rate  and  percentage 
are  known,  divide  the  percentage  by  the  rate* 

Practice  problems.  In  each  of  the  following 
"problems,  first  determine  which  case  is  in- 
volved; then  find  the  answer. 

•    1.  What  Is  7%  of  740? 
4 

2.  7.5%  of  2.75  ='? 
3.. 8  is  2%  of  what  number? 
4.?%  of  18  =  15. 
.    5.  12%  of  ?  *  12. 

6."  8  is  what  percent  of  32? 
Answers: 

1,  Case  I;  5.55 

2.  Case  Is  0.20625 


the  average  reader.  How  much  faster?  To  find 
out,  his  rate  i£  divided  by  the  average  rate, 
as  follows; 


3*  Case  III;  400 
*    4..  Case  II;  83-|% 
5*  Case  UI;  100 
6.  Case  II;  25% 


RATIO  AND  PROPORTION 

The  solution  of  problems  based,  ori  ratio,™ 
proportion,  and  variation  involves  no  new  prin- 
ciplesr  However,  familiarity  with  these  topics 
will  often,  lead  to  quick  and  ^simple  solutions  to 
problems  that  would  otherwise  be  more  com- 
plicated. 


RATIO      ,  -         .  - 

The  results  of  observation. or  -measurement 
often  mu|t  be  compared  _with  some  standard 
"value  in  order  to  .have  any  meaning*  For'exr 
ample,  to  say  that  a  man  can  read  400  words 
per  minute  vhas  little  meaning— as  it  stands. 
However,  when  his  rate  is  compared,  to  the  250, 
words  per  minute  of  the  average  reader,  one 
can  see  that  he  reads  considerably*  faster  than 


400 
250 


Thus,  for  every  5  words  read  by  the  average 
reader,  this  man  reads  8,  Another  way.  of  mak^ 
tng  this  comparison  is  to  say  that  he  reads  1- 
times  as  fast  as  the  average  reader. 

When  the. relationship  between  two  numbers^ 
is  shown  in  this  way,  they  ar,e  compared  as  a 
RATIO.  A  ratio  is  a  comparison  of  two  like 
quantities*  It  is  the  quotient  obtained  by  divid- 
ing the.  first  number  of  a  comparison  by  the 
second.  . 

Comparisons  may  be  stated  in  more  than 
one  way.  For  example,  if  one  gear  has  40  teeth 
and  another  has  10,  one  way  of  stating  the  com- 
parison would  be  40  teeth  to  10  teeth.  This 
comparison  could  be  shown  as  a  ratio  in  four 
ways  as  follows: 

1*  40:10  . 

2,40fl0 

3.40 

.  10 

4.' The  ratio  of  40  to  10, 

4  ■ 

\ 

When  the  emphasis  is  on  "ratio,"  all  of  these 
expressions  would  be  readV'the  ratio  of  40  to 
10,"-  The  -form  40  ~  10.  majr  also  be  read  "40* 
'dfviddd  by  10."  The  form 
'140  over  10<"  . 


may  also  be  read 


Comparison  by  means  of  a  ratio  is  limited 
to  quantities  of  .the  same  kind.  For  example,  in 
order  to  express  the  ratio  between  6  ft.  and  3  yd., 
both  quantities  must  be  written  in  terms  of  "the, 
-same  unit.  Thus  the  proper  form- of-  this  ratio 
is  2  yd  :  3  yd*  not  6  ft :  3  yd.  Wh*ri  the  parts. of 
the  ratio  are  expressed  in  terms  of  the  same 
unit,  the  units,  cancel  each  other  and  the  .ratio 
— consists  simply  of  two  numbers*  In  this  exam- 
-  plfe,  the  iirial  form  of  Jfhe  ratio  is  2  :  3- 

Since  fa  ratio  is  also  a  f raction*  all  the  rules 
.at  govern  fractions  may  be  used  in  working 
iths  ratios.  Thus,  the  terms  may  be  reduced, 


15 
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increased,  ^implift*!,  and  so  forth,  according 
to  the  rules  for  fractions.  To  reduce  the  ratio 
15:20  to  lowest  terms,  write  the  ratio  as  a 
fraction  and  then  proceed  as  for  fractions. 
Thus,  15:20  become* 


15 
20 


3 
4 


Hence  the  ratio 
ratio  of  3  to  4. 


of  15  to  20  1s  the  same  as  the 


as 


Notice  the  distinction  in  thought  between  f- 
a  fraction  afcd  y  as  a  ratio.  As  a  fraction  we 


think  of  j-as  the  single  quantity  "three-fourths.." 
As  a  ratio,  we  think  of  f  as  a  comparison  be- 
tween the  two  numbers,  3  and  4.  For  example, 
the  lengths  of  two  sides  of  a  triangle  are  1  £  ft. 
and  2  ft.  To  compare  tfiese  lengths  by  means  of 
a  ratio,  divide  one  number  by  the  other  and 
reduce  to  lowest  terms,  as  follows: 


7.  The  ratio  of  6  ft  to  18  ft 


9.  5  :  8 
10,  15  to  21 
Answers: 


'•! 

'•f 

«•} 

-f 

5.| 

...2 

*16 


25 
16 
2 


The  two  sides  of  the 
to  32.  * 


INVERSE  RATIO 


25 
32 


gle  compare  as  25 


It  is  often  desirable  to  compare  the  numbers 
of  a  ratio  in  the  inverse  order.  To  do  this,  we 
simply  interchange  the  numerator  and  the  de- 
nominator. Thus,  the  inverse, of  15:20  is  20:15, 
When  the  terms  of  a  ratio  are  interchanged,  the 
INVERSE  RATIO  results.  \  ,  " 


PROPORTION 

Closely  allied  with  the  study  of  ratio  is  the 
subject  of  proportion.  A  PROPORTION  is  nothing 
more  than  an  equation  in  which  the  members 
are  ratios.  In  other  words,  when  two  ratios 
are  set  equal  to  each  other,  a  proportion  is 
formed.  The  proportion  may  be  written  in  three 
different  ways  as  ia  the  following  examples: 

15:20  :  :  3  ;  4* 


15^0 

15 
20 


3  :  4 
3 

4  * 


Practice  problems*  In  problems  1  through  6, 
write  the  ratio  as  a  fraction  and  reduce  to  low- 
est tertns.  In  problems-  7  through  10',  ""Write  the 
inverse  of  the  given  ratio. 

-  l;  T«e  ratio  of  5  lb  to  15  lb 
*  2:  $1%:  $12 
3.  16  f  4 


4.  One  quart  to  one  gallon 


5.  5x  to  lOx 


The  last  tow  fqrms  are  the  most  common,  ALL 
these  forms  are  read,  "15  Is  to  20  as  3  is  to  4," 
In  otj^er  words,  15  has  the  same  ratio  to  20  as 
4. 

.  One  reason  for  the  extreme  importance  of 
.proportions'  is  that _  if  any  three  of  the  terms 
Jire  given,  the  fourth  may  be  found  by  solving  a 
..simple  equation.  In  science,  many  chemical  and 
physical  relations  are  expressed  as  propor- 
tions. Consequently,  a  iamiliarity  with  propor- 
tions_will  provide  one  method  for  solving  many 
applied  problems.  It  is  evident  from  the  last 
fo'rrti  shown,  55-  that  a  proportion  is  really 

a  fractional  equation.  Therefore,  all  the  rules 
for  fraction-equations  apply. 


16 
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TERMS  OF  A  PROPORTION 

Certain  names  have  been  given  to  the^erms 
of  the  two  ratios  that  make  up  a  proportion.  In 
a  proportion  such  asN3:8  *  9:24,  the  first  and 
the  last  terms  (the  outside  terms)  are  called, 
the  EXTREMES.  I#  other  words,  the  numerator 
o$  the  first  ratio  and  the  denominator  of  the 
second  are  called  the  extremes.  The  second 
and  third  terms  <the  inside  terms)  are  called 
the  MEANS*  The  means  are  the  denominator  of. 
the  first  ratio  and  the  numerator  of  the  second. 
In  the  example  just  given,  the  extremes  are  3 
and  24;  the  means  are  8  and  9. 

Four  numbers,  such  as  5,  8,  15,and24,  fonti 
a  proportion  if  the  ratio  of  the  first  two  in  the 
order  named  equals  the  ratio  of  the  second  two. 
When  these  numbers  are  set  up.  as  ratios  with 
the  equality  sign  between  them,  the  members 
will  reduce  to  an  identity  if  a  truje  .proportion 
exists.  For  example,  consider  the  following 
proportion: 

A      5  ^  15 
r     8  ~24 

In  iKis  proportion,  ||    must  reduce  toifor  the 
^portion  to  be  true.  Removing  the  sAme  fac- 
tor from  both  members  of  j5*  we  have 


~     8  3(8) 

The  number  3  Is  the  common  factor  that 
must  be  removed  from  both  the  numerator  and 


the  denominator  of  one  fraction  In  order  to  show 
that  the  expression 

'  5  s  15 
8S  24 

is  a  true  proportion.  To  say  this  another  way, 
it  is  the  factor  by  which  both  terms  of  the  ratio 
7  must  be  multiplied  in  order  to  show  that  this 
ratio  is  the  same  as  H  . 

Practice  problems.  For  each  of  the  follow- 
ing proportions,'  write  the  means,  the  extremes,, 
and  the  factor  of  proportionality.  * 

i- JL^il  _  25.1 

16    80  0#75~3 

2.  4:5  »  12  :  15  4.  12:3  :  :  4:1 

Answers: 

1.  Means:  16  and  15 
Extremes:  3  and  80 
Factor  of  proportionality:  5 

2.  M:  5  and  12 
E:  4  and  15 

~FP:  3 

3.  M:  75  and  1 
E:  25  and  3 
FP:25 

4.  M:  3  an'd  4 
E:  12  and  1 
FP:-3  - 


EXPONENTS  AND  RADICALS 


%  fhe  operation  of  raising  a  number  to  a  power 
is  a  special  case  of  multiplication  in  which  the 
factors  are  all  equal.  In  examples  such  as 
4  2  =  4  x  4  •=  16  and  5  3  =  5  x  5  x  5  =  125,  the 
number  16  is  the  second  power  of  4  and  the 
number  125  is  the  third  power  of  5.  The  ex- 
pression 53  means  that  three  5's  are  to  be  mul- 
tiplied together.  Similarly,  42  means^4  x  4. 
The  first  power  of  any  number  is  the  number 
itself.  The  power  is  the  number  of  times  the 
number  itself  is  to  be  taken  as  a  factor. 

.  The  process  of  finding  a  root  is  the  inverse 
of.  raising  a  number  to  a  power.  A  root  is  a 
special  factor  of  a  number,  such  as  4  in  the 
expression  4 2  =  16.  When  a  number  is  taken 
as  a  factor  two  times,  as  in  the  expression 
4x4=  16.  it  is  called  a  square  root.  Thus,  4 
is  a/square  root  of  16.  By  the  same  reasoning, 
2  Is  a  cube  root  of  8,  since  2x2x2  is  equal 
t(/ 8.  This  relationship  is  usually  written  as 
P  =  8. 

POWERS  AND  ROOTS 

A  power  of  a  number  is  indicated  by  an  EX- 
PONENT, which  is  a  number  in  small  print 
placed  to  .the  right  and  toward  the  top  of  the 
number.  Thus,  in  43  =  64,  the  number  3  is  the 
EXPONENT  of  the  number.  4.  The  exponent  3 
indicates  that  the  number  4,  called  the  BASE, 
is  to  be  raised  to  its  third  power.  The  expres- 
sion is  read  "4  to  the  third  power  (Or  4  cubed) 
equals  64."  Similarly.  5  2=  25  is  read  "5  to  the 
second  power  (or  5  squared)  equals  25."  Higher 
powers  are  read  according  to  the  degree Jndi- 
cated;  Tor  example,*  "fourth- power,"  *BHk 
power,"  etc.* 

When  an  exponent  occurs,  it  must  always  be 
written  unless  Us  value  is  1.  The  exponent  1 
usually  is  not  written  but,  is  understood*  For  . 
example,  tiie  number  ,5  is  actually  5A  When  ve 
work  with  .exponent-Si  it  is  important  .to  re  mem- 
.ber  that  any  "number  'that  haa-no  written  expo-' 
nent' really  has  an  exponent  equal  to  1. 

A  root  of  a*  number  can£e  indicated  by  plac- 
ing a  Tadital  sign,  \C,  over-  the  number  and 
^showing  the  root. by  placing  a*  small  number 


within  the  notch  of  the  radical  sign,.  Thus,  \  64 
indicates  the  cube  root  of  64,  and,  \  32  indicates 
the  fifth  root  of  32.  The  number  that  indicates 
the  root  is  called  the  INDEX  of  the  root,  -to  the 
case  of  the  square  root,  the  index,  2,  usually  is 
not  shown.  When  a  radical  has  no  index,  the 
square  root  is  understood  to  be  the  one  desired* 
For  example,  \36  indicates  the  square  root  of 
36.  The  line  above  the  number  whose  root  is  to 
be  found  is  a  symbol  of  grouping  called  the  vin- 
culum. When  the  radical  symbol  is  used,  a  vin- 
culum, long  enough  to  extend  over  the  entire 
expression  whose  root  is  to  be  found,  should  be 
attached. 

Practice  problems.  Raise  to  the  indicated 
power  or  find  the  root  indicated. 


1.  23 
5.  nTT6 


2.  6  2 
6.  V7J 


3.  4: 


Answers: 


1.  8 
5.  4 


2.  36 
6.  2 


7.  V  125 


3.  64 
7.  5 


4.  253 

5/ 


8.  V32 


4.  15,625 
8.  2 


NEGATIVE  INTEGERS- 

<?  >  ' 

Raising  to  a  pow#?r  Is  multiplication  Ah  which 
all  the  numbers  being  multiplied  together  are 
equal.  The  sign  of  the  product  is  determined, 
as  in  ordinary  multiplication,  by  the  number  of 
minus  signs*.  The  number  of  minus  signs  is  odd 
or  even,  depending  on  whether  the  exponent  ol 
the  power  is  odd  or  even.  ,  For  example,  in  the 
problem      -         .     .  _ 


(-2)* 


(-2)(-2)(-2)  =  -fl 


there  are  three  minus  "signs. •  The.  resulMs 
negative.  In  ; 

-    \"  -  ;  %  (-*>•  =  64  . 

there  are  six  minus;  signs.  The  result  is  posi- 
tive-. 


It 


7 


Thus,  when  the  exponent  of  a  negative  num- 
ber is  odd,  the  power  is  negative;  wiien  h\e  Ex- 
ponent is  even,  the  power  is  positive.  . 

As  other  examples,  consider  the  following: 


(-3)  4  =  81 


125 


(-11  • : 

(-2)*  =  25S 

f-ns  =  -a 


Positive  and  negative  numbers' bfelong  to  the 
^  class  called  REAL  NUMBERS.  The  square  of  a 

real  number  is  positive.  For  example,  (-7)*  =  49 
;and  7 2  =  49.    The  expression  (-7) 2  is  .read 

"minus  seven  squared."  Note  that  either  seven 

squared  or  minus  seven  squared  gives  us  +49. 

We  cannot  obtain  -49  or  any  other  negative 

number  by  squaring  any  real  number,  positive 
.or  negative.  \ 

Since  thSre  is  no  real  number  whose  square 
Js  a  negative  number,  it  is  sometimes  Said  that 

the  square  root  of  a  negative  number  does  not 
exist.   However,  an  expression*  under  a  squire 

root  sign  may  take  on'  negative  values.  While 
the  square  root  of  a  negative  number  cannot* 
actually  be  found,  it'can  be  indicated, 

.  The  indicated  square,  root  of  a  negative  num- 
ber is  called  an  IMAGINARY  NUMBER.  The 
number  *f?T9  tor  example,  is  said  to  be  imagi- 
nary. It  is  read  "square  roof  of  minus  seven," 
Imaginary  numbers  ar§  discussed  in  Section  5 
of  this  course. 

FRACTIONS 

I 

We  recall  tfcat  the  exponent  of  a  number  tells 
the  number  (ft  times  that  the  number  is, to  be 
taken  as-a^ctor.  A  fraction  is  raised  to  a 
power  by  raising  the  numerator  and  the  denom- 
inator separately  to  the  power  indicated.  The' 


Since  a  minus  sign  can  occupy  any  one  of 
three  locations  in  a  fraction,  notice  that  evalu- 


ating^) 


is  equivalent  to 


.expression 
factor,  Thus, 


means  ^ 


is  used  twice  as  a 


7  x  7     7  2 


_9_ 
49- 


Similarly, 


(-  I)  2  =  1 
\    5J  25 


(-t): 


fi) 


or 


Li) 


'    1  2 

F5p 


The  process  of  taking  a  root  of-a  number  is 
the  inverse  of,  the  process  of  raising  the  num- 
ber to  a  power,  and 'the  method  .of  taking  the 
root  of  a  fraction  is  similar.  We  may  simply 
take  the  root  of  each  term  separately  and  write 
the  result  as  a  fraction.  Consider  the  following 
examples: 


Practice  problems.  Find  the  values  for  the 
indicated  operations: 


A- 


>•  (!) 1 
/I 


»  8 


Answers: 


1*  1/9 
5.  4/6 

DECIMALS 


2.  9/16 
6. '4/5 


3.  36/25 
,7.  2/3 


4.  8/27 
'8.  3/7 


''When  a  decimal  is  raised  to  a  power,  the 
number  of  decimal  places  in  the  result  i$  equal 
♦to  the  number  of  places  in  the  decimal  multi- 
plied by  the  exponent.  For  example,  ponsider 
(0.12)3.^  There  are  two  decimal  places  in  -0.12 
and  3  is  the  exponent.  Therefore,  the  number 
of  places  in  the  power  will  be  3(2)  =  6,  The  re-' 
suit  is  as  follows: 

(0.12)3  =  0.001728  • 

*  The  truth  of  thiSYule  is  evident  when  we  re- 
call the  rule  for  multiplying  decimals.   Part  of 
the  rule  statesT   Mark  off  as  many  decimal; 
places  in  the  product  as  there  are  decimal 
places  in  the  factors  together,   if  we  carry  out 
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the  multiplication,  (0.12)  x  (0.12)  x  (0.12),  it  is 
obvious  that  there  are  six  decimal  places  in  th^ 
three  factors  together.  The  rule  can  be  shown 
for  any  decimal  raised  to  any  power  by  simply 
carrying  out  the  multiplication  indicated  by  the 
exponent.  / 
Consider  these  examples: 

(1.4)2  =  1.96 

(0.12) 2  =  0.0144 

.  (0.4) 3  =  0.064 

(0.02) 2  =  0.0004 

(0.2) 2  =  0.04 
* 

Finding?  a  root  of  a  number  is  the  inverse  of 
raising  a  number  to  a  power,  To  determine  the 
^number  of  decimal  places  in  the  root  of  a  per- 
fect pow.er,  we  divide  the  number  of  decimal 
places  in  the  radicand  by  the  index  Qf  the  root.  , 
Notice  that  this  is  just  the  opposite  of  what  was 
done  in  raising  a  number  to  a  power. 

Consider  v  0.0625.  The  square  root  of  625 
is  25.  There  are  four  decimal  places  in  the 
radicand,  0.0623,  and  the  index  of  the  rootns  2. 
Therefore,  4-2  =  2  is  the  number  of  decimal 
places  in  the  root.  We  have 


4\x  42  =  J? 

Recalling  that  43  means  4  x  4  x  4*and  that  42 
means  4x4,  we  seethat4is  used  as  a  factor  five 
times.  Therefore  4 3  x  42  is  the  same  as  4s. 
This  result  could  be  written  as  follows;  i 

43%x42  =  4x4x4x4x4 
=  4s 

Notice  that  three  of  the  fiveM's  came  from 
the  expression  4^, -and  the  Other  two  4's  came 
from  the  expression  42.  rThus  we  may  rewrite 
the  problem  as  follows:  * 

2)' 


43x4}=  4<3< 
=  4s 


The  law  of  exponents  for  multiplication  may 
be  stated  as  follows:  To  multiply  two  or  more 
powers  having  the  same  base,  add  the  exponents 
and  raise  the  common  base  to  the  sum  of  the 
exponents.  This  law  is  further  illustrated  by 
the  following  examples:  * 


v,0.0625  =  0.25 


2J 
3 

154 

102  x  10 


:  24  = 
32=  : 
152-  = 

0.5 


15' 


1 


=  10 


2.5 


Similarly, 


%X69'  = 


3r 


v  0/027  = 


JT7m  = 


n/0.0001  = 


1.3 
0V3 
1.2 
0,1 


LAWS  OF  EXPONENTS 

All  of  the  laws  of  exponents  may  be  devel- 
oped directly  from  the  definition  of  exponents. 
Separate  laws  are  stated  for  the  following  five 
cases: 

1.  Multiplication. 

2.  Division.' 

3.  Power  of  a  power. 

4.  Power  of  ,a  product.  ^ 

5.  Power  of  quotient. 

MULTIPLICATION 

To  illustrate  the  law  of  multiplication,  we 
examine'the  following  problem: 


Common  Errors 

It  is  important  to  realize, that  the  base  must 
be  the  same  for  each  factor  in  order  to  apply 
the  laws  of  exponents.  For  example,  2 3  x  3  is 
neither  2s  nor  3s.  There  is  no  way  to  apj)ly  the 
law  of  exponents  to  &  problenj  of  this  kind.  An- 
other common  mistake  is^to  multiply  the  bases 
together.  For  example,  this  kind  of  error  in 
the  foregoing  problem  .would  imply  that  /23  x  3 
is  equivalent  to  65,  or  7776.  The  error  of  this 
may  be  proved  as  follows: 


23x 


3?  =  8  x  9 
=  72 


DIVISION 

/  . 

The  law. of  exponents  for"  division  mayt  be 
developed  from  the  following  exampie:- 

C7     cs     flxlxg  x*  0x0x6x6 
6    "  6    =        0x0x0x0 »0 

=  62  . 


21' 
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4/ 


Cancellation  of  the  five  6's  in  the  diyisor  with 
five  of  the  6's  in  the" dividend  leaves  only  two 
6's>  the  product  of  which-is  62.  , 

This  result  can  be  reached  directly  by  noting 
t  that  6  7  is  equivalent  to  6(7'5>.  In  other  words, 
we  have  the  following: 

•   67  -  6s' =  6(7"5) 
=  6 

Therefore  the  law  of  exponents  for  division  is 
as  follows:  To  divide  one  power  in^p  another  n 
.having  the  same  base,  subtract  the- exponent  df 
the  divisor  from  the  exponent  of  the  dividend. 
Use  the  number  resulting  from  this  subtraction 
as  the  exponent  of  the  base  in  the  quotient. 

Use  of  this  rule  sometimes  produces  a  neg- 
ative exponent  or  an  exponent  whose  value  is  0. 
These  two  special  types  of  exponents  are  dis-  - 
cussed  later  in  thii  section.        %  '  ' 

.  POWER  OF  A  POWER 

Consider  th*  example -(3  2)4.  Remembering 
that  an  exponent  shows  the  number  of  times  the 
base  is  to  6e  taken  as  a  factor  and  noting  in 
this  case 
have 


Thus  3,  2^ancJ  *5  appear  three  times  each  as 
factors,  and  we  can  st\ow  this  with  exponents  as 
3\  23,  and  53'.  Therefore, 


(3 


>5)\=  3* 


,  The  law  of  exponents  /or  the^power  of  a 
product  is  as  follows:  .The  power  of  a  product 
is  equal  to  the  product  obtained  when  each  of 
the  original  factors  is  raised  to  the  indicated 
power  and  the  resulting  powers  are  muhiphed 
together. 

\ 

POWER  OF  A  QUOTIENT 

The'  law  of  exponents  for  a  power  of  an  indi- 
cated quotient  may  b£  developed  from  the  fol- 
lowing example: 

(2\*      2     2  2 
'  V3/    ~  3  v3  *  3 


2  •  2 


2 


3,.  '3 

o  3 


V 


=  F 


that  »2  is  considered  the  base,  we  Therefore, 


(32) 


2\4 


32  •  V 


■(f)1  ■ 


2\ 


,Alst)  in  multiplijcation  we  add  exponents..  Thus, 


3  -~3' 
Therefore, 


32  ..3*  =  3(2t2  +2  +2)  =  38 


(32)4 


The  law  is  stated  as  follows:  The  power  of 
a  quotient  is  eqilal  to  the  quotient  obtained  when 
the  dividend  and  divisor  are  each  raised  to  the 
^indicated  power  separately,  before  the  division 
'is  performed. 

.  Practice  problems.  Raise  each  of  the  fol- 
lowing expressions  to  th^  indicated  power: 


The  laws  of  expjefhents  for  the  power  of  a 
power  may  .be  stated  as  follows:  To  find  the 
power  of  a  power,  multiply  the  exponents.  It 
should  be  noted  that  this  case  is  the  only  one  in 
which  multiplication  of  exponents  is  performed. 

■  •  • 

POWER  OF  A  PRODUCT 


1.  (32  •  23)' 

2.  3  s  *  3 2 


''■(hi) 

4 


(-32)3 


6.  (3 


5,184 


that 
(3  •  2 


Consider  the  example  (3  •  2  •  5)3.  We  know 
5)"  =  (3  t-  2  •  5)(3'.  2  •  5)(3  -2-5) 


Answers:, 

1.  3*  -    26  a 

2.  27 

125    ,  . 

4.  [(-3)2]3  =  729  - 

5.  25  • 

6.  9  •  4  ."49  =  1,764 


'22  ' 

'.9a 


SPECIAL  EXPONENTS 


ONE  AS  AN  EXPONENT 


Thus  fai  in  Uus  discussion  of  exponents,  the 
emphasis  has  been  on  exponents  which  are  posi- 
tive integers.  There  are  two  type&of  exponents 
which  are  no},  positive  integers,  and  two  which 
are  treated  as  special  cases  even  though  they* 
may  be  considered  as  positive  integers. 


The  number  1  arises  as  jlxx  vxponent  dome- 
times  as  a  result  of  division.  ,  In  the  example 
5 3 

gl  we  subtract  the  exponents  to  get 


53"2=  51 


ZERO  AS  AN  EXPONENT 

i 

Zero*occurs  as  an  exponent  in  the  answer  to 
a  problem  such  as  43  -  43.  The  law  of  expo- 
nents for  division  states  that  the  exponents  are 
to  be  subtracted.  This  is  illustrated  as  follows: 


(3-  3) 


This  problem  may  be  worked,another  way  as 
follows:  « 


Therefore, 


$  :  $ 


%  •  5 


51  =  5 


=  5 


Another  way  of  expressing  the  result  of 
dhiding  4X  by  4 3  is  to  use  the  fundamental 
axiom  which  states  that  any  number  divided  by 
itself  is  1.  In  order  for  the  laws  of  exponents 
to  hold  true  in  all  cases,  this  must  also  be  true 
when  any  number  raised  to  a  power  is  divided 
by  itself.  Thus,  43/43  must  equal  1. 

Since  43/43  has  been  shown  to  be  equal  to 
both  4°  and  1,  we  are  forced  to  the  conclusion 
that  4°  =  1. 

By  the"  same  reasoning, 


Also, 


Therefore, 


5     -1-1     e  0 

5 =  5    =  5 


=  1 


5°  =  1 


Thus  we  see  that  any  -number  divided*  by  itself 
results  in  a  0  exponent  and  has  a  value  of  1. 
By  definition  th'en,any  number  (other  than  zero) 
raised  to  the  zero  power  equals  1.  This  is  fur- 


ther illustrated  ij^the  follow 


400"  =• 
0.02°  = 


ng  examples. 


We  conclude  that  any  number  raised  to  the 
first  power  is  the  number  itself.  The  exponent 
1  usually  is  not/  written  but  is  understood  to 
exist. 

NEGATIVE  EXPONENTS- 

If  the  law  of  exponents  for  division  is  ex-, 
tended  to  include  cases  where  tlve  exponent  of 
the  denominator  is  larger,  negative  exponents 
arise.  Thus, 


32  * 


2-5 


Another  way  of  expressing  this  problem  is  as 
follows: 


Therefore, 


t  :  i 


1 


We  conclude  that  a  number  N  with  a  negative 
exponent  is  equivalent  to  a  fraction  having  the 
following  form:  Its  numerator  is  I;  its  denomi- 
nator'is^N  with  a  positive  exponent  whose  abso- 
lute value  is  the  same  as  the  absolute  value  of 
the  original  exponent.  In  symbols,  this  rule 
may  be  stated  as  follows: 


N 


1 


23 


iuu 


ERIC 


<?3 


Also, 


—  -  N* 
'  N~* 


Thep^llowing  examples  further  illustrate 
the  rule 


1 

5 


e-  2 


•12 


6J 
1/ 

r5 


Notice  that  the  sign  of  an  exponent  may  be 
changed  by  merely  moving  the  expression  which 
contains  the  exponent  to  the  other  position  in  the 
fraction.  The  sign,  of  .the  exponent  is  changed 
as  this  move  is  made.  *  For  example, 


1 

lO-2 


1  * 
1  x 


1 


10 3 

1 


Therefore, 


.10" 


102 
1 


fey  using  the  foregoing  relationship,  a  prob- 
lem such  as  3  +  5~4  may  be  simplified  as  fol- 
lows: 


3      ,  1 


-      •     -  3x  -  ' 
=  3  x-54 

FRACTIONAL. EXPONENTS1 

Fractional  exponents  obey  the  same  laws  as  , 
do  integral  exponents.  For  example, 

»  • 
41/2    x  4  1/2    _  4(  1/2  +  1/2) 

=  42/2 

=  41  -  4 


Another  way  of  expressing  this  would  be 


41  2  x  4i  2 


=  (41'2)2 

c.4<l/2  *  2) 

=  4l  =  4 


Observe  that  the  number  4  V1  ,  when  squared 
in  the  foregoing  example/  produced  the  number 
4  as  kn  answer.  Recalling  that  a  square  root  of 
a  number  N  is  a  number  x  such  that  x 2  =  N,  we 
•conclude  that  4 12  is  equivalent  to  >TT.  Thus 
we  have  a  definition,  as  folfows:  A  fractional 
exponent  of  the  form  1/r  indicates  a  root,  the 
index  of  whicji  is  r.  ,This  is  further  illustrated 
in  the  following  examples: 

2  »'2  =  ^2  .  ' 


2 '3 


=  (6 1/3  ) 2 


Also, 


S2/3 


Notice  that  in  an  expression  such  as  8  2/3  we 
can  either  find  the  cube  root  of  8  first  or  square 
8  first,  as  shown  by  the  following  example: 


1/3  \2* 


22  = 


4  and.  (8 2) 1/3 


=  %T64  =  4 


All  the  numbers  iri' the'  evaluation  of  8 2/3 
remain  small  if  the  cube  root^is  found  before 
the  number  Is  raised  to  the  second  power.  This 
order  of  operation  is  particularly  desirable  in 
evaluating  a  number  like  64 5/6  .  If  64'were  first 
raised  to  the  fifth  power,  a  large  number  would 
result'.  It  would  require  a  great  deal  of  unnec- 
essary effort  to  find  the  sixth  root  of  64 5.  the 
result  is  obtained  easily,  if  we  write 


64 


5/6 


=  (64 1/6  )5  =  25  = 


32 


If  an  improper  fraction  occurs  in  an  expo- 
nent, such  as  7/3  in  the  expression  2 7/3  ,  it  is' 
customary*to  keep  the  fraction  in  that  form 
rathex  than  express  it  as  a  mixed  number.  In 
fraction  form,  an  exponent  shows  Immediately 
what  power  is  intended  and  what  root  is  in- 
tended. However,  2 7/3  can  be  expressed  in 
another  form  and  simplified  by  changing  the 
improper  fraction  to  a  mixed  number  and  writ- 
ing the  fractional  part  in  the  radical  form  as 
follows:  fc 


1 7/3 


22  +  1/3=  22 


,1/3 


H   1  L 


24 


9 

ERIC 


10 1 


y 


The  law  of  exponents  for  multiplication  may 
be  combined  with  the  rule  for  fractional  expo- 
nents to  solve  problems  of  the  following  type, 

PROBLEM:  Evaluate  the  expression  4  2  5 . 

SOLUTION: 


2.5 


4  2  x  4°* 
x  4l  2 
,  =  16  x  2 

=  32 

Practice  problems: 
1.  Perform  the  indicated  division: 


2 
21 


10 


2.  Find  the  product'  i2/s  x  7  1  10  x  73 

3.  Rewrite  with  a  positive  exponent  and  sim- 
plify:* 9  ~l  2 

4.  Evaluate  100 3  2 
(  5.  Evaluate  (8°)5 


Answers: 

2l  3 


1.  23  3 

,8  1* 


3  _ 

4 


2.  7l 


1 


°*  91  ?  ' 

4.  1,000 

5.  1 


3 

/ 


SCIENTIFIC  NOTATION 

AND  POWERS  OF  10        v  * 

Technicians,  engineers,  and  others  engaged 
in  scientific  work  ar$  often  required  to  solye 
problems  involving  very  ^arge  and  very  small 
fiumbers.  Problems  such  as 

2Z,684  x  0,00189 
0.0713  x  83  x  7 

are  not  uncommon.  Solving  such  problems  by  , 
the  rules  of  ordinary  arithmetic  is  laborious 
and' time  consuming.  Moreover,  the  tedious 
arithmetic  process  lends  itself  to  operational 
errors.'  Also  there  is  difficulty'  in  locating  the 
decimal  point  in  the  result.  These  difficulties 
can  be  greatly  reduced  by  a  knowledge  of  the 
"powers  of  10  and  their  use: 


10,000 

I0 

1  f\f\f\ 

i,UUU 

,10 

100 

= 

10 1 
10* 

1 

l 

10° 

O.l 

KTl 

o.o^ 

io~2 

•    0.001  * 

• 

nr3 

0*000 1 

io~4 

*  The  lawsj>f  exponents 'form  the  basis  for 
calculation  using  powers  of  10.  Th^  following 
list  includes  several  decimals  and  whole  num- 
bers expressed  as  powers  of  10: 


The  concept  of  scientific  notation  may  be 
*  demonstrated  as  follows: 

60,-000  *  6.0000  x  10,000 

^  6-  x  104 

538  =  5.38  x  106 

=  5.38  x  ID2. 

Notice  that  the  final  expression  in  each  Ifr 
the  foregoing  examples  involves  a  number  be- 
tween 1  and  10,  multiplied  by  .a  power  of  10. 
Furthermore,^ in  eaclvcase  the  exponent*  of  the' 
v  power  of  ft)  is  a  number  equal  to  the  number  of 
digits  between  the  neV  position  of  the  decimal 
point  and  the  original  position  (uQderstood)  of 
the. decimal  point. 
.  We  apply  this  reasoning  to  write  any  number 
_Jn  scientific  notation;  that  is,  as  a  number  be- 
tween 1  and  10  multiplied  by  the*  appropriate 
power  of  10.   The  appropriate  power  of  10  is 
found  by  the  following  mechanical  steps: 
,- 1.  Shift  the  decimal  .point,  to  standard  posi- 
tion,^which  is  the  position  immediately  to  the  . 
right  of  the  first  non'zero  digit. 
,  2.  Count  the  number  of  digits  between  the  x 
new  position  of  the  decimal  point  and  its  origi- 
nal position.   This  number  indicates  the  value 
of  the  exponent  for  the  power  of  10. 

3.  If  the  decimal  point  is  shitted  to  the  left, 
the  .sign  of  the  exponent  of  10  is  positive;  if  the 
decimal  point  is  shifted  to  the  right,  the  sign  of 
the  exponent  is  negative.  •  1 

The  validity  of  this  rule,  for  those  cases  in 
yhiclrthe  exponent  Qt  10  is  riegative,  is  demon- 
strated as  follows: 


25 


ERJC 


4 


1V2 


V 


\ 


0.00657  =  6.57  x  0.001  * 

=  6.57  x  10"3 

0.348  =  3.48  x  0.1' 

r  '  0=  3.48  x  10"1  * 

Further  examples  of.  the  use  of  scientific 
notation  are  given  as  follows: 

543,000,000  =  5.43  x  108 

186  =  1.86  x  10 2 

N  243.01  =  2.4301  x  102 

0.0000007  =  7  x  10~7  ' 

0.00023  =  2.3  x  10~4 

Multiplication  Using  Powers  of  10 

From  the  law  of  exponents  for  multiplication 
we  recall  that  to  multiply  two  or  more  powers 
to  the  same  base  we  add  their  exponents.  Thus, 

104  x  10 2  =  106 

We  see  that  multiplying  powers  of  10  together 
is  an  application  of  the  general  rule.  This  is 
demonstrated  in  the  following  examples, 

1.  10,1300  x  100  =  10*  x  102 

jr     =  104  +  2 

2.  0,0000001  x  0.001  =  10~7  x  10"3 

A    =  io-7f<-3> 

=  10-10 

3.  10,000  x  0.001  =  lO^c^lO"3 

=  10 

4.  23,000  x  500  =  ? 

^23,000  =  2.3  x  104 
>        '     •      500  =  5  x  10 2  ^< 
Therefore, 

23,000  x  500  =  2.3  x  104  x  5  x  102 
<  .   =  2.3  x  5  x  104  x  102 

=  11.5  x  106 

=  11,500,000  ^ 


5.     62,000  x  0.003  x  4,600  =  >  . 
( 

62,000  =  6.2  x  104 

\  0.00^3  =  3  x  10"4 

4;600  =  4.6  x  103 

Therefore-,  $ 

62.000  x  0.0003  x  4.600  =  6.2  x  3 
x  4.6  x  104  x  10~4  x  10 3 

=  85.56  x  10J  . 

=  85.560 

'Practice" problems.  Multiply,  using  povfrers 
of  10,  For  the  purposes  of  this  exercise,  treat 
all  numbers  as  exact  numbers: 

1.  10,000  x  0.001  x  100  ^ 

2.  0.000350  x  5,000,000  x  0.0004 
>.  3,875  x  0.000032  x  3,000,000  $ 
4.  7,000  x  0.015  x  1.78 


3  •-  i 


Answers: 

1.  1.0  x  10 3 

2.  7.0  x  10"1  * 

3.  3.72  x  10s 
4^1.869  x  102 


Division  Using  Powerss^W* 

The  rule  of  exponents  for  division  states 
that,  forjpowers  of  athe  same  base,  the  exponent 
of  the  defiaiTHndtor  is  subtracted  from  the  ex- 
ponent of  the  numerator.  Thus, 

10,7 
10' 


=  10 


7-3 


=  10' 


It  should  be ' remembered  that  powers  may 
be  transferred-  from  numeratdr  to" denominator 
or  from  denominator  to  numerator  by  simply 
changing  the 'sign  of  the  exponent.  The  follow- 
ing examples  illustrate  the  use  of  this  rule  for 
powers  of  10:  % 


1. 
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72,000  _  '7.2  x  104  . 
0.0012  "  1.2  x  10~3 

=  £f  x  104Sc  l0\ 

=  6  x  10  7 

) 


103 


2.  44  x  10-;  ^Mx  10^  x  10s. 

11  x  10  *-     11  x  1U     x  iU~ 

•  *  +  =  4  x  10 

Cdmbinod  Multiplication  and  Division 

Using  the  rules  already  \shown,  njultiplica- 
tion  and  division  involxihg  powers  of  10  may  be 
combtrted.  The  usual  method  of  solving  such 
problem^  is  to  multiply  and  divide  alternately 


For  example, 


until  the  problem  is  complied. 

,36;000  k  1.1  x  0.06 
0.012  x  2,200 


y  Rewriting  this  problem  in  scientific  notation, 
we  have  ^  • 


3.6  x  104x  LJ  x  6  x.10"2      3.6  x  1.1  *  6 


1.2  x  2.2 


x  10 


1.2  x  10"2  x  2.2  x  10T 


Notice- that  the 'elimination  of  0's,  wherever 
possible,  simplifies  the  computation  and  makes 
it  an  easy  matter  to  place  the  decimal  point. 

SIGNIFICANT  DIGITS.-One  of  the  most  im- 
portant advantages  of  scientific  notation  is  the 
fact.^hat  it  simplifies  the  task  of  determining 
the  number  of  significant  digits  in  a  number. 
For  example,  the  facUthat  the  number  0.00045 
has  two  significantyaigits  is  sometimes  ob- 
scured by  .the  pres^pce  of  the  0fs.  The  confu- 
sion can-bH^Tbided  by  writing  the  number  in 
scientific  notation,  as  follows: 


0.00045  =  4.5  x  10^ 


Practice  problems.  Express  the  numbers  in 
the  following  problems  in  scientific  notation 
and  round  off  before  performing  the  calculation. 
In  each  problem,  round  off  calculation  numbers 
to  one  more  digit  than  the  number  of  significant 
digits  in  the  least  accurate  number;  round  the 
answer  to  the  number  of  significant  digits  in- 
the  least  accurate  number: 

LTK000063  x  50.4  x  0.007213  * 

'  780  x  0.682  x^O-018    -  , 

2.  0.015  x  216  x 

72  x  0.0624  x  0.0353 

3.  Q.000079  x  0.00036, 

29  x  10~* 


Answers: 


-6 


1.-2.38  x  10 
•.  3.64  x  10 
9.8  x  10"2 


Other  Applications  +  ' 

**  * 

The  applications  of  powers  of  10  may  be 
broadened  ,to  include  problems  involving  recip- 
rocals and  powers  of  products. 

RECIPROCALS. -The  following  example  il- 
lustrates the  use  of  powers  of  10  irf^lhe  fornra- 
tion  of  a*rec|procal:      .  \ 


250,000  x  300  x  0.02  \^ 

x\o2  x  2  x 


2.5  x  10s  x  3 


10 


r2 


10 


-5 


.2.5  x  3  x  2 
10"5 


15 


Rather  than  write  .the  numerator  asv<  0.00001, 
write  it  as  th?  product  of  two4  factors,  one  of 
which  may  be  easily  divided,  as  follows: 


10  5 
15 


10 2  x  10" 7 


15 


x  10 


n 


100 

7  is 

•*   =  6.671  x  10" 
=  0.0000Q0667  . 

S  .  POWER  OF  A  PRODUCT.-The  following 
example  illustrates  the  use  of  powers  of  10  in 
finding  the  power  of  a  product: 

(80,000  x  2  x  105v)2  =  (8  x  104  x  2  x  105) 2 
s_  =  82  x  22  x  (104+5)2  * 

=  64  x  4  x  1018 
=  *256  x  1018^ 
=  2.56  x  |020 

RADICALS 

An  expression  such  as         \T5,  or  Va  +  b 
that  exhibits  a  radical  sign,  is  referred  to  as  a 
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RADICAL.  We  have  already  worked  with  radi- 
cals in  the  form  of  fractional  exponents,  but  it 
is  also  frequently  necessary  to  work  with  them 
'  in  the  radical  form.  The  word  "radical"  is 'de- 
rived from  the  Latin  word  "radix,"which  means 
"root."'  The  word  "radix"  itself  is  more  often 
used  Qi  modern  mathematics  to  refer  to  the 
base  of  a  number  system,  .such  as  the  base  2  in 
the  binary  system.  'However,  the  word  "radicaT"' 
is  retained  with  its  original  meaning  of  "root."  * 

The  radical  symbol  appears  to  be  a  dis- 
tortion of  the  initial  letter  "r"  from  the  word 
"radix."  With  long  usage,  the  r  gradually  lost 
^  its  significance  as  a  letter  and  became  dis- 
N  torted  into  the  symbol  as  we  use  it.  The  vin- 
culum helps  to  specify  exactly  which  of  the 
letters  and  numbers  following  the  radical  sign 
actually  belong  to  the  radical  expression. 

The  number  under  a  radical  sign  is  the  RAD- 
IO AND.  The  index  of  the  root  (except  in  the 
case  of  a  square  root)  appears  in  the  trough  of 
the  radical  sign.  The  index  tells  what  root  of 
the  radicand  is  intended.  For  example,  in  V32, 
the  radicand  is  32  and  the  index  of  the  rotft  is  5. 
'The  fifth  root  of  32  is  intended.  In  V30,  the 
square  root  of  50  is  intended.  When  the  index 
is  2,  it  is  not  written  bm  is  understood. 

If  we  can  find  one  square  root  of  a  numbej 
we  can  alway<r-flnd  two  of  them/  Remember 
(3)  is  9  and  (-3) 2  is  also  9.  Likewise, (4) 2  and 
(-4)  both  equal  ^and  (5)2  and  (-5)2.  both  equal 
25..  Conversely,  sU  is  +3  or  -3,  >/l6  is  +4  or 
-4,  anc^ V25  is  +5  or  -5.  When  we  wi^h  to  ihow 
a  number  that  may  be  either  positive  or  nega- 
tive, we  may  use  the  Symbol  ^  which  is  read 
"plus  or  minus."  Thus  ♦  3  means  "plus  or 
minus  3."  Usually  when  a  nuniber  is  placed 
under  the  radical  sign,  only  its  positive  root  is 
desired  and,  unless  otherwise  specified,  it  is 
the  only  root  that  need  be  found. 

COMBINING  RADICALS 

A  numbei*writtei>  in  front  of  another  number 
and  intended  as  a  multiplier  is  called  a  COEF- 
FICIENT. The  expression  5x  means  5  times  x; 
av  means  a  times  y;  and  7  ^2*  means  7  times 
v2.#  In  these  examples,  5  is  the  coefficient  of 
x,  a  is  the  coefficient  of  y,  and  7  is  the  coeffi-* 
cient  ofWT. 

Radicals  having  the  same  index  and  the  same 
radicand  are  SIMILAR.  Similar  radicals  may 
have  different  coefficients  in  front  of  the  radi- 
cal sign.    For  example,  3  \/T,  j/If  and  | 

V 


are  similar  radicals.  When  a  coefficient  is  not 
written,  it  is  understood  to  be  1.  Thus,  the  co- 
efficient of  •JT  is  1.  The  rule  for  adding  radi- 
cals is  the  same  as  that  stated  for  adding  de- 
nominate numbers:  Add  only  units  of  the  same 
kincL_  For  example,  we  could  add  2  n/T  and- 
4  *V3  because  the  "unit"  in  each  of  these  num- 
bers'is  the  same  By'th*  same  reasoning, 

w.e  could  not  add  2  vjf  and  4  n/T  because  these 
are  not  similar  radicals* 


Addition  and  Subtraction 

When  addition  or  subtraction  of  similar  rad- 
icals is  indicated,  the  radicals  are  combined  Jby 
adding  or  subtracting  their  coefficients  and 
placing  the  result  in  front  of  the  radical.  Add- 
ing 3  ^  and  5  \T  is  similar  to  adding  3  bolts 
and  5  bolts.  The  following  examples  illustrate 
the  addition  and  subtraction  of  similar  radical 
expressions: 

1.  3  \/T  +  5  n/T  =  8  n/T 

2.  1/2  (vl)  +  1/3  (Jf3)  =  5/6  (to) 

3.  ^-6</T+2VT=-3nT5" 

4.  -5  Ipf  -2  \/T  +  7  >TT  =  0 

Example  4  illustrates  a  case  that  is  some- 
times trouble'some.  The  sum  of  the  coefficients, 
-5,  -2,  and  7,  is  0.  Therefore,  the  coefficient 
of  the  answer  would  be  0,  as  follows: 

0(^7)  =  0  x  V7 

*■ 

Thus  the  final  answer  is  0,  since  0  multiplied 
by  any  quantity  is  still  p. 

Practice  problems.    Perform  the  indicated 
operations: 

1.  4\rtT-VT+5\T3 

2.  j       +  *JJ 

3.  to  -  6  ' 

4.  -2  \fl0  -  7  vlo 


Answers 

1-8  f$  ^   3.  -5  to 


Multiplication  and  Division 

.  If  a  radical  is  written  immediately  after  an- 
other radical,  multiplication  is  intended.  Some- 
times a  dot  is  placed  between  the  radicals,  but 
not  always:  Thus,  either  </T  •  VTT  or  n/TVTT 
means  multiplication. 

t  When  multiplication  or  division  of  radicals 
is  indicated,  several  radicals  Jiav&ig  the  same 
index  can  be  -  combined  into  one  radical  If  de- 
sired.  Radicals  having  the  same  index  are  said 
to  be  of  the  SAME  ORDER.  For  example,  -JJ 
is  a  radical  of  the  second  order.  The  radicals 
•/jTand  ^are  of  the  same  order. 

If  radicals  are  of  the  same  order,  the  radi- 
cands  can  be  multiplied  or  divided  and  placed 
undlr  one  radical  symbol.  For  example,  \F5 
multiplied  by  v  3js  the  same  as  ^5  x  3.  Also, 
^6  divided  by  V 3  is  the  same  as  \/6  +  3.  If 
coefficients  appear  ^before  the  radicals,  they 
also  must  be  included  in  the  multiplication  or 
division.  This  is  illustrated  in  the  following 
examples: 

2  vT.3  <J~5  =  2.-/2.3.\fiT  t 
=  2-3  -/2.  >/T 

=  2.3  \/rnr 


1. 


15  ^6 

3  ^/y 


=  6  n/To 

=  5  x  nT2" 
=  5^ 


It  is  important  to  note  that  what  we  have 
said  about  multiplication  and  division  does/ot 
apply  to  addition.  A  typical  error  is  to  treat 
the  expression  +  4  as  if  it. were  equivalent 
to  V~9  +  V  4.  These  expressions  cannot  be 
equivalent,  since  3  +  2  is  not  equivalent  to  VTT. 

FACTORING  RADICALS.— A  radical  can  be 
split  into  two  or  more  radicals  of  the  same  or- 
der if  the  radicand  can  be  factored.  This  is 
illustrated  in  the  following  examples: 


1>.  S20 


^"54 


VT.       =.2  & 

3- 


v27-2 
=  ^27 ..  n/T  =  3 


vT=  2 


SIMPLIFYING  RADICALS 

Some  radicals  may  be  changed  to  an  equiva- 
lent form  that  is  easier  to  use.  A  radical  is  in 
its  simplest  form  when  no  factor  can  be  re- 
moved from  the  radical,  when  there  is  no  frac- 
tion undec  the  radical  sign,  and  when  the  index, 
of  the  root  cannot  be  reduced.  A  factor  can  be 
removed  from  the  radical  if  it  occurs  a  number 
of  times  equal  to  the  index  of  the  root.'  The  fol- 
lowing examples  illustrate  this: 

1.  V~28  =  s/  2 2 . 7  =  2  VT 

3"54  =  VF72  =  3(3l) 


2. 

3, 


'54 
^160 


Removing  a  factor  that  occurs  a  number  of 
times  equal  to  the  index  of  tfie  root  is  equiva- 
lent to  separating  a  radical  into  two  radicals  so 
that  one  radicand  is  a  perfect  power.  The  rad- 
ical sign  can  be  removed  from  the  number  that 
is  a  perfect  square,  cube,  fourth  power,  etc. 
The  root  taken  becomes  the  coefficient  of  the 
remaining  radical. 

_In  order  to  simplify  radicals  easily,  it  is 
convenient  to  know  the  squares  of  whole  num- 
bers up  to  about  25  and  a  few  of  the  smaller 
powers  of  the  numbers  2,  3,  4,  5,  and  6.  Table 
2  shows  some  frequently  used  powers  of  numbers"/ 

v 

Table  2.— Powers  of  numbers. 

======================== r=  =  =  = 


l2  »  1 

142  =  196 

22  =  4 

152  =  225 

32  =  9 

16 2  =  ,256 

42  =  16 

IT2  =  289 

52  =  25  - 

18 2  =  324 

62  =  36 

19^  =  361 

72  =  49 

20 2  ■  400 

82  =  64 

212  =  44.1 

92  =  81 

* 

22 2  =  484 

102  =  100 

232  =  529 

ll2  =  121 

242  =  576 

122  =  144 

252  =  625 

132  =  169 

(A) 


29- 


9 

ERIC 


ll»6 


Table  2.— Powers  of  numbers— continued. 


>  21 

=  2 

22 

=  4 

23 

=  8 

24 

=  16 

2s 

=  32 

26 

=  64 

27 

=  128 

28 

=  256 

(B) 

6  s 


31* 

3 

32  = 

9 

33  « 

27 

34  = 

81 

3s  = 

243 

-t 

(C) 


41  =  4 

51  =  5 

4  2  =  16 

52  =  25 

4  3  =  64 

53  =\l25 

4 4  =  256 

54  =  625 

(D) 

61  =  6 
6  2  =  36 
6 3  =  216 

(F) 


Referring*  to  table  2  (A)9  we  see  that  the 
series  of  numbers 

1,  47t>,  16,  25,  36,  49,  64;  81,  100  , 

comprises  all  the  perfect  squares  from  1  to  100 
inclusive.  If  any  one  tfj  these  numbers  appears 
under  a  square  root  symbol,  the  radical  sign 
can  be  removed  immediately.  This  is  illus- 
trated as  follows: 


>/8l 


5 

9  ~> 


A  radicand  such  as  75,  wmch  has  ^perfect 
square  (25)  as  a  factor,  can  be  simplified  a$ 
follows: 

a/75  =  V25  •  3 

=  ^^25■ .  VT 
=  5  vr 


This  procedure  is  further  illustrated  in  the  fol- 
lowing problems: 

1.  n/T=  V  4' '  2  - 

=  \f?  •  J% 
=  2 

2.  ^72  =         •  2 

=         .'  \T2  - 
=  6  \T 

By  reference  to  the  perfect  fourth  powers  in 
tapj&.  2,  we  mky  simplify  a  radical  such  as 
^405.  "Noting  "that  405  has  the  perfect  fourth 
power  81  as  a  factor,  we  have  the  following: 

^405  =  4/ir 


T 

to 


=  3 


(^5) 


As  was  shown  with  fractional  exponents, 
taking  a  root  is  equivalent  to  dividing  the  expo- 
nent of  a  power  by  the  index  of  the  root.  If  a 
factor  of  the  radicand  has  an  exponent  that  is 
not  a  multiple  of  th£  index  of  the  root,  the  fac- 
tor may  be  separated  so  that  one  exponent  is 
divisible  by  the  index,  as  in  ^ 

v![7=  v'36-  3  =  3 6/2  •  31'2   =  33  •        =  27  vT 


Consider  also 

n/2*  .  37  -5  =  V  22  •  2  •  36  •  3  .  5 
=  2  •  33(V2  •  3  :  5) 
=  54  >/50 

If  the  radicand  is  a*large  number,  thetper- 
fect  powers  that-are  factors  are  not  always  ob- 
vious. In  such  a  case  the  radicand  can  be  sepa- 
rated into  prime  factors.  For  example, 


n/X820  =  ^22  •  32  •  5  .  72  . 
=  2  .  3  .  7  %/T 

=  42  ^  * 

Practice  problems.  Simplify  the  radicals 
and  reduce  to  lowest  terms: 


.1.  n/T-  VT5" 
2.  JlT  . 

for 


3.  18(*/50~) 
3(^10) 


4.  -JTfifl) 


^/T80 


30 


107 


9 

ERIC 


Answers:  • 


1.  3 

2.  nT 


3.  6(v3) 

4.  7 


RATIONAL  AND 
IRRATIONAL  NUMBERS 


< 


Real  and  imaginary,  numbers  make  up  the 
number  system  of  algebra.  Imaginary  numbers 
are  discussed  .In  section  5  of  this  pamphlet. 
Real  numbers  are  either  rational  or  irrational. 
The  word  RATIONAL  comes  from  the.  word 
"ratio.**  A  number  is  rational  if  it  can  be  ex- 
pressed'as  the  quotient,  or  ratio,  of  two  whole, 
numbers.  Rational  numbers  include  fractions 
like  2.  7,  whole  numbers,  and  radicals  if  the 
radical' sign  is  removable. 

Any  whole  number  is  rational.   Its  denomi- 


nator is  1. 


For  instance,  8  equals  y,  which  is 


the  quotient  of  two  integers.  A  number  like 
\  16  is  rational,  since  it  can  be  expressed  as 

the  quotient  of  two  integers  in  the  form  |\  The 

following  are  also  example^  of  rational  numbers: 


j/4p  which  equals  | 


denominators  are  changed  immediately  to  deci- 


mals, as  in 


\ 


7 


1.4142 


the  process  of  evaluating  a  fraction  becomes  an 
exercise  in  long  division.  Such  a  fraction  can 
be  evaluated  quickly  by  first  changing  the  de- 
nominator to  a  rational  number.  Converting  a 
fraction  with  an  irrational  number  in  its  de- 
nominator to  an  equivalent  fraction  with  a  Ra- 
tional number  in*  the  denominator  is  called 
RATIONALIZING  THE  DENOMINATOR. 

Multiplying  a  fraction  by  1  leaves  the  value 
of  the  fraction  unchanged.  Since  any  number 
divided  by  itself  equals  1,  it  follows,  for  exam- 
ple, that 


V2" 


If  the  numerator  and  denominator  of 


7 

v7 


are 


each  multiplied  by  VT,  another  fraction  having 
the  same  value  is  obtained.  The  result  is 


7 

7f' 


7 

>/2 


ii 


7  \T 


2. 
3. 


-6,  which  equals  y- 

2  37 
5^,  which  equals  -y 


Any  rational  number  can  be  expressed  as  the 
quotient  of  two  integers  in  many  ways.  ^For 
example, 

7     7      14  21 

1  "  2  =   3  •** 

An  IRRATIONAL  number  is  a  real  number 
that  cannot  be  expressed  ^  the  ratio  of  two  in-_ 

tegers.    The  numbers  vT,  5  \/T,  \T,  J-  ^^20, 

2  • 
and  ^nj  are  examples^of  irrational  numbers. 

Rationalizing  Denominators     /  '  ' 

«  .7  sTo 

Expressions  such  as  ^  and  5  ^-have  ir- 
rational numbers  in  the.  denominator.    If  the 


The  denominator  of  the  new  equivalent  frac- 
tion is  2,  which  is  rational.  The  decimal  value 
of  the'fraction  is 


l^=7iL4142i=7{0  7071)±  4  9497 

1  " 


To  rationalize  the  denominator  in  z — nr  we" 

5  t\  3 

multiply  the  numerator  and  denominator  by 
We  get 


5  </T     5  \'T 


^3 
5(S) 


N  6.or  J-vT 


15 


15 


Practice  problems.  Rationalize  the  denomi- 
nator-in  each  of  the  following: 


1. 


JL 
^7 


3. 


2 

V6 


-4. 


31 


ERIC 


108 


I. 


'  Answers :■ 

i.  3  vT* 

i.J2i: 


3  ^ 


6  vy 


:%"  EyALtJATJNd  RADICALS  * 

%Any*  radical  express!©^  has  a'decimal  equiv- 
alenb  which- may  be  e^act  if'jthe  radicaritf.  is  • 

:  rational  number.  If  the  radicand  *i$  not  rational, 
the  root  may  be '  expressed 'as  a  decimal  ap- 
proximation, 'but  it  eaj^never  be  exa<A:  A  proT  „ 
cedure  similar  to  long  division  may  b£  used  for  * 

'  calculating  square  "root '  and  cube  root,"  and 
higher*  root^  may  be  calculated  by*jpeans  of 
methods  based  o'n'logafithms  and  higher  math-:  *" 
ematics.  Tables  of  powers  and  roots  have  been 
calculated  for  use  in  those  scientific  fields  in 
which  it  is  frequently  jiecessary  to  work^w^h* 
roots.  '  £ 

SQUARE  ROOT  PROCESS  ^     '  * 

v  m 

The  arithmetic  process  for  calculation  of 
sqifare  root  is  outlined  in  the  following  para- 
graphs: f 

1.  Begin  at  the  decimal  point  and  mark  the 
number  off  into  groupskof  two  digits  each,  mov- 
ing both  to  the  right  and  to  the  left  from  the  ^ 
decimal  point.   This  may  leave  an  odd  digit  at 

"the  right-hand  or  left-hand  end  of  the  number, 
or  both.  For  example,  suppose  that  the  number  % 
whose  square  root  we  seek  is  9025.   The  num- 
ber marked  off  as  specified  would^e  as  follows: 

2.  Find  the  greatest*  number  whose  square 
is  contained  in  the  left-hand  group  (90).  This  « 
number  is  9,  since  the  square  of  9  is  81.  Write 

9  above  the  first  group.  Square  this  number  (9), 
place  its  square  below  the  left-hand  group,  and 
subtract,  as  folloysf: 


divisor  is  contained  in  the,  new  dwidend  (925) 
five  times:  thus  jthe^second  digit  of  the  root  ap- 
pears to_fee^r^T!owever,  this  number  must  be 
ided  to  Hie  trial  divisor  to  obtain  a  "true 
jsor.M  If  the  true  divisor  is  then  too#large 
.us^»with  the  second  quotient  digit,  this'  digit 
reduced  byl.  The  procedure  for  step  3 


trat'ed  as  follows:. 


480 
185. 


V9CF25. 
81 
9  25 
9  25  • 


The.  nurAber  lSO^re'suitingpTrom  the  multi- 
.  plication  of  k  by  20,  is  written  as  a  trial  devisor 
beside  the  neV  dividend  (925), 'as  shown,.  „Thq 
quotient  digit  0>)  as  then^recorded  and  the  trial 
divisor  is  adjusted,  becoming*  185.  The  tnaj 
quotient  .(180)  is  Crossed  out.  *  ,  * 

,  .'The/ true  cttvisor  (185) "is 'multiplied  by  ' 
the  second  digit,  (5)\uid  the  product  is  placed 
below,  the  nevy  dividehd  (925).  This  step,  is  • 
shown  in  the  illustration\or  step  3.  When  the 
product  inf  stejx  4  is  subtnteted  .from  the  new 
dividend,  the  difference  is  0;  Thus,  in  U^S  ex- 
ample, the  root  is  exact.  p  *  / 

5.  In  some  problems,  the  difference  is.  not  0 
after  all  of  the  digits  of  the  original  number 
*have  been  used  to  form  new  dividends.  SSuch 
problems  maybe  carried  further  by *StMtylig 
on  the  right-haqdeift!  of  the  anginal  number, 
just  as  in  normaTTimg  division,  however ,  in 
the  square  root  process,  the  O'a  must  be  added 
and  used  in  groups  of  2* 

Practice  problems.   Find  the  square  root  of 
e'ach  of  the  following  numbers: " 


1.  9.61 


Answers: 


2.  123.21 


1.  3.1 


2:  11.1 


3.  0.0025 


3.  0.05 


\/W25. 
81, 
9  25 

"Bring  down  the  next' group* (25)  and  p&ce  it  be- 
side the  9,  as  shown.  This  is  the  na(v  dividend 
(925).  *  7 

*3.  Multiply  the  first  digit  in  thf  root  (9)  by 
20,  obtaining  180  as  a  trial  divisor.  This  trial 


TABLES  OF  ROOTS 


The  decimal  values  of  square  roots  and  cube 
roots  of  numbers  with  as  many  as  3  or  4  digits 
can,be  found  from  tables.  The  table  jn  appen- 
dix I  of  this  pamphlet  gives  the  squa're  roots  and 
cube  roots  of  numbers  from  1  to  100.  Most  of 
the  values  given  in  sucf^tables  are  approximate 
numbers  which  have  been  rounded  off.  '  j 


32 


1  ♦ 


100 


For  example,  the.  fourth  column  in  appendix  I 
shows  that  \  72  -  8.4853,  to-4  decimal  places 
By  /shifting  the  decimal  point,  we  can  obmn 
other  Square  ntots  A  sfyift  of  two  places  in  the 
^decimal  point  in  the  radicand' corresponds  to  a 
shift'of  one  place  in  the  same  direction  in  the 
square  root. 

T1]C-  following  ^.xarhples  show  the  effect,  as 
reflected  in  the  square  ropt,  of  shifting  .the 
location  uf  tliP  decimal  point~in  tfie  number 
tyhose  square  root  we^eek:  .  « 

<l2  =  8.4853 

0,84853  ' 
6.084853 
84.853 


f 


\0.72  = 
\  OTOJ572  = 
^ 77200  = 


Cube  Root 

r  The  {lfth  column  in  appendix  I  shows  that  the 
cube  root  of^72  is  4:1602.  By  shifting  the  deci- 
mal point  we  immediately  have  the  cube  roots 
of  certain  other  numbers  involving  the  same 
xii^us.  A  shift  of  three  places  in  the  decimal 
point  in  the  radicand  corresponds  to  a  shift  of 
one*  place  in  *tha  same  direction  in  the  cube 
root:  '  '  / 


Compare  the  following  examples: 

^72  =  4.1602 
\>  0.072  *  0'.41602 

3. 


\  72,000  *  41.602 


Many 'irrational  numbers  in  their  simplified 
farms  involve  \2  and  nT,  Since  these  radicals 
occur  often,  it  i&  convenient  to  remember  their 
decimal  equivalents  as  follows:* 

^        </T  =  1.4142  and       *  1,7321 

Thus  any  irrational  numbers  that  do  not  contain 
any  radicals  other  than  vT  or  \/Tcan  be  con- 
verted ^to  decimal  forms  quickly  without  re- 


ferring to  tables. 


\ 


For  example,  consider 

\72  =  6        =  6(1'4142)  =  8.48| 

'    v27  =  3  \'T  =  3(1.7321)  =  5.196 

mind  that  the  decimal  equivalents  of 
n2  and  \T gs  used  in  the  foregoing  examples 
are  not  exact  numbers  and  the  results  obtained 
with  them  are  approximate  in  the  fourth  deci- 
mal place. 


/  33 
0 


110 


\         '  ,  LOGARITHMS  AND  THE  SLIDE  RULE 

h 

*  Logarithms  represent  a  specialized  use  of 
exponents.  By  means  of  logarithms,  computa- 
tion with  large  masses  of  data  can  be  greatly 
simplified.  For  example,  when  logarithms  are 
.used,  the  process  of  multiplication  is  replaced 

flhby  simple  addition  and  division  is  replaced  by. 

^subtraction.  Raising  to  a  power  by'  means  of 
logarithms  is  done  in  a  single  multiplication, 

.  and  extracting**  root  reduces  tp  simple  division. 


The  equivalency 'of  the  logarithmic  and*  ex- 
ponential forms  may  be  used  to  restate  the  fun- 
damental definition  of  logarithms  in  its  most 
useful  form,  as  follows: 


b*  =  N  implies  that  log.N 


i 

x 


•  DEFINITIONS 

tIn  the  expression  2^  =  8,  the  number  2  is 
the  base  (tpfrko  be  confused  with  the  base  of  the 
number  system),  and  3  is  the  exponent  which, 
quist  be  used  with  the  base  to  produce  the  num-' 
ber  8.  The  exponent  3  is  the  logarithm  of  8 
when  the  base  is  2.  This  relationship  is  usually 
stated  as  followST  *  The  .logarithm  of  8  to  the 
base  2  is  3.  In*  general,  the  logarithm  of  a 
number  N  with  respect  to  a  given  base  is  the 
exponent  which  must  be  used  *wijh  the  base  to 
produce  N.  Table  3  illustrates  this. 

Table  3.— Logarithms  with  various  bases. 


base 


Exponential  forrn^ 

Logarithrtic  -form 

2J(  =  8' 

;  -42  =  is' 

.-5°  =  1 
.  .  27  2  3  =  9 

\  / 
log28/=  3 

log4I6  =2 

log/l  =  0 

log279  =  2/3 

Table  3  shows,  that  the  /logarithmic  rela- 

 cA^i  tii ^cu  c^Mtuijf  wen  in  eiuier 

of  two  forms;  these  are  th6  exponential  form 
and  the  logarithmic  form.  /  Observe,  in  table* 
3  that  the  base  of  a  logarithmic  expression 
is  indicated  by  placing  a  subscript  just  below 
and  to  the  right  of  the  abbreviation  'log/'  Ob- 
serve also  that  the  word  '/logarithm"  is  abbre- 
viated without  using  a  period. 


In  words,,  this  definition  is  stated  as  follows:  If 
the  base  b  raised  to  the'x  power  equals  N,  then 
x  is.  the  logarithm  of  the  number  N  to  the  base  b. 

One  o'f  the  many  uses  of  logarithms  may  be 
shown  by  ari  example  in  which,  the  base  is  2\ 
T^ble%  shows  the  powers  pf  2  from  0  through 
20.  Suppose  that  we  wish  to  use  rogapthms  to 
multiply  the  numbers  512  and  256,  as  follows:. 


From  table  4# 


Then 


512  =  29  , 
256  =  28 
512  x  256  =  29  x  2s 
=  <217 


"and'from  the  tafcle  again 


2 17 


131072 


It  is  seen  that  the  problem  of  multiplication 
is  reduced  to  the  simple  addition,  of  the  expo- 
nents 9  ^and  8  and  finding  the  corresponding 
^  power  in  the  table.  * 

Table  4  (A)  shows  the  base  2  in  the  expo- 
nential form  with  its  corresponding  powers. 
The  actual  computation  in  logarithmic  work 
does  not  require  that  we  record  the  exponential 
form.  All  that  is  required  is  that  we  add  the^ 
appropriate  exponents  and  have,  available  a* 
table  in  which  we  caji  look  up  the  number  cor- 
responding to  the  new  exponent  after  adding. 
Therefore*  table  4  (B)  is  adequate  for  our 
purpose.  Solving  the  foregoing  example  by  this 
table,  we  have  the  following: 

log2  512  =  9 

log2  256  =  8 

Aog2  of  the  product  =  17 

Therefore,  tjie  number  we  seek  is  the  one  in 
the  tablo^hose  logarithm  isJ7.  This  number 
is  131,07£Vn  this  example^we  found  the  expo- 
nents directly,  added  the/n  since  this  was  a 


/ 


35 


Hi 


Table  4.— Exponential  and  logarithmic 
tables  for  the  base  2. 


"   (A)  Powers  of  2  from 
.0  through  20 

(B)  Logarithms  for  the 
base  2  and  corre- 
sponding powers 

Log 

•  Number 

2° 

1 

0 

I 

21 

2 

1 

■  2 

■  2 

•  < 

2 

.  '*4 

•  "•"*  \i 

7 

8 

3 

8 

2< 

16 

4 

16 

2s 

32 

5 

32 

r     2 6 

64 

6  

1 

64' 

-  V 

=  *"  128- 

'  7 

128 

i  28 

256 

•  '  .8  ' 

256 

.  29 

512 

9 

.512  * 

2  io 

1024 

10 

1024 

2048 

11  . 

2048 

212 

4096 

12 

4096, 

<2  13 

8192 

13 

8192 

2" 

=  16384 
} 

14 

16384 

2  15 

=   ■  32768 

15 

32768 

2 16 

=  65536 

16 

65536 

2 17 

=  131072 

17 

131072 

2 18 
2M9 

=  262144 

18 

262 144  * 

=  524288 

19 

524288 

2  20 

=  1048576 

20 

£  1048576 

•1, 


NATURAL  AND  COMMON  LOGARITHMS 


Many  natural  phenomena,  such  as  rates  of 
growth  and  decay,  are  most  easily  described  in 
terms  of  logarithmic  or  exponential  formulas. 
Furthermore,  the  geometric* patterns  in  which 
certain  seeds  grow  (for  example,  sunflower 
seedsf  is  a  logarithmic  spiral.  These  facts  ex- 
plain the  name  "natural  logarithms/'  Natural 
logarithms  use  the  base  e,  which  is  an^irra- 
tional  number  approximately  equal  to- 2.71828. 
This  system  is  sometimes  called  the  Napierian 
system  of  logarithms,  in  honor  of  John  Napier, 
who  is  credited  with  the  invention,of  lpgarithms. 

To  distinguish  natural  logarithm^froift  other 
logarithmic  systems,  the  abbreviation  In  Is 
sometimes  used.  -When  In  appears,  the  base  is 
understood  to  be  e  and  need  not  be  shown.  For 
example,  either  log,.  45^r  In  45  signifies  the 
natural  logarithm  of  45. 

COMMON  LOGARITHMS 

As  has  been  shown  in  preceding  paragraphs, 
any  number  may  beus'&d  as  a  base  for  a  system 
of  logarithms.  The  selection  of  ai  base  is  a 
matter  of  convenience.  Briggs  in  1617  found 
that  base  10  possessed  many  advantages  not 
obtainable  in  ordinary  calculations  with  other 
bases.  The  selection  of  10  as  a  base  proved  so 
"Satisfactory  that  today  it  is  used  almost  exclu- 
sively for  ordinary  calculations.  Logarithms 
with  10  as  a  base  are*  therefore  called  ^COM- 
MON LOGARITHMS.  - 

When  10  is  usfed  as  a  base,  it  is  not  neces- 
sary to  indicate  it  in.  writing^ogarithms.  For 
example, 

log  100  =  2  • 
is  understood  to  mean  the  same  as 


T 


multiplication  problem,  and  located  the  corre- 
sponding power.  This  avoided  the  unnecessary 
step  of  writing  the  base  2  each  time. 

Practice  problems.  Use  the  logarithms  in 
table  4  to  perform  the  following  multiplication: 

3*128  x%;096 


1.  64  x  128 

2.  1,024  x  256 

Answers: 

1.  8,192 

2.  262,144 


4.  512  x  2,048 

3.  524,288 

4.  1,048,576 


log  10  100  =  2 

If  the  base  is  other  than  10,  it  must  be  speci- 
fied by  the  use  of  a  subscript  to  the  right  and 
below  the  abbreviation  "log."  As  noted  in  the 
foregoing  discussion  of  natural  logarithms,  the 
use  df  the  distinctive  abbreviation  In  elimi- 
nates the  need  for  a  subscript  when  the  base 
is  e.  * 
It  is  relatively  easy  to  convert  common  log- 
krithms  to  natural  logarithms  or  vice  versa,  if 
necessary.  It  should  be  noted  further  that  each 
astern  has  its  peculiar  advantages,  but  for 
most  everyday  work,  the  common  system  is 
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more  often  used.  A  simple  relation  connects 
the  two  systems.  If  the  common  logarithm  of  a 
umber  can  b£  found,  multiplying  by  2.3026 
ives  the  natural  logarithm  of  the  number.  For 
^ample, 

log  1.60  =  0.2041 
in  1.60  =•  2.3026  x  0.2041 
=  0.4700 

Thus  the  natural'  logarithm  of  1.60  is  0.4700, 
correct  to  four  significant  digits. 

Conversely,  multiplying  the  natural  loga- 
rithm by  0.4343  gives  the  common  logarithm  of 
a  number,  As  might  be  expected,  the  conver- 
sion factor  0.43$3  is  the  reciprocal  o/  2.3026. 
This  is  shown  as  follows*  • 


1 


=  0.4343 


2.3026 

Positive  IntegralvLogarithms 

Tljje  derivation  of*  positive  whole  logarithms 
is,  readily  apparent.  For  example,  we  See  in 
table  5  (B)  that  the  logarithm  of  lo'is  1.  The 
number  1  is  simply  the  exponent  of  th£  base  10 
whiqh  yields  10.  This  is  shown  in  table  5  (A) 
opposite  the  logarithmic  equation.  Similarly, 

I  10°  =  1  .  ,  log  1  =  0 

10 2  =  100  log  100  =  2 

10 3  =  1,000   .log  1*,000  =  3 


JOS' 


10 4 


10,000  log  10,000  =  4 


Table  5.- Exponential  and  corresponding  \ogarithmic  notations  using  base  10. 
 A  B 


10  "4 

1 

0.0001 

^).000i  = 

0.001  = 

-I' 

-4  ' 

« 

i<r\ 

1 

/ 

0.001 

log* 

-3 

10  ~2 

*• 

J. 

=  To1,    •  v  = 

; 

•  o.oi 

log 

4 

_  o.ol 

10"1  ' 

V 

o.r  ' 

log 

* 

»  0.1 

<- 

* 

1  .  .  vIO" 

VTo  10 

.    .  0.31623 

,  fog 

0.31623  = 

-0.5- 
0.5  -1 

10° 

1 

log 

1 

0 

1Q1'2 

3.1623 

log 

,V3.1623  = 

0.5 

103'2 

=  io  \1o 

10 

31.6£3 

•  log 
log 

10 

31.623^= 

1 

1.5 

.  10,2 

100 

log* 

^oo 

2 

10s'2 

=  io2  (v'To)  = 

316.23 

log 

316.23 

2.5 

103 

1,000 

log 

1,000 

3 

107  2 

*  io^  (vT5)  *  = 

3162.3 

log 

3162.3 

3.5 

104 

10,000 

log  10,000    ^  = 

4 

7 

* 

A- 
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Positive  Fractional  Logarithms 

j  .Referring  to  table  5,^ notice  that  the  loga- 
rithm of  1  is  0  and  the  logarithm  of  10  is  1. 
Therefore,  the  logarithm  of  a  number  between 
I  and  10  is  between  0  and  1.  An  easy  way 
verify  this  is  to  consider  some  numbers 
tween  1  and  10  which  are  power*  of  10;  the  ex- 
ponent in  each  case  will  then  be  the'  logarithm 
we  seek.*  Of  course, ,  the  only  powers,  of  10 
which  produce  numbers  between  1  and  10  are 
fractional  powers. 

EXAMPLE:       101'2  =  3.1623  (approximately) 

100'5  =  3.1623 

Therefore,  log  3.1623  =  0.5  * 

K 

Other  examples  are  shown  in  the  table  for 
10 3/2  ,  10s/?,  and  10 7/2 .  Notice  that  the  num- 
ber that  represents  103/^,  31.623,  logically 
enough  lies  betwcen,the  numbers  representing 
10 J  and  10 2- that  is,  between  10  and  100.  No- 
tice also  that  10  s/2  appears  between  10 2  and 
103,  andJ07/2  lies  between  103Wdto\ 

Negative  Logarithms 

Table  5  shows  that  negative  powers  of  10 
may*  be  fitted  into  the  system  of  logarithms. 

We  recall  *thaf  10T#means  -Lf  ot  the  decimal 
fraction  0.1.  What     the  logarithm  of  JQ.i  ? 

SOLUTION:       10" 1  =  0.1;  log  0.1  -  -1 

Likewise  10~2  =  0.01;  log  0.01  =  -2  ' 


>een  ^lof 

bef  th< 
1 

all  ui^i 
earkr  It 
lS^Lrithi 


Negative  Fractional  Logarithms 

Notice  in  table  5  that  negative 
exponents  present  no  new  problem 
rithmic  notation.    For  example, 
1 


10 


fractional 
loga- 
means 


in 

\'2 


fvor 

i  _ 
/To 


10 


0.31623 


What  is  the  logarithm  of  0.31623? 
SOLUTION: 

10~1/2  =  0.31623;  log  0.31623  = 


/ 


"  2 
-0.5 


i 
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Table  5  shows  logarithms  for  numbers 
ranging  from  0.000\  to  10,000.  .  Notice  that 
there  are  only  8, integral  logarithms  in  the  en- 
tire range.  Excluding  zero  logarithms,  the 
logarithms  for  all  other  numbers  in  the  range 
e  fractional  or  contain  a  fractional  part.  By 
the  year  1628,  logarithms  for  all  integers  from 
1  to  100,000  had  been  computed.  Practically 
all  of ^these  logarithms  contain  a  fractional 
should  be  remembered  that  finding  the 
ithm  of  a  number  is  nothing  more  than  ex- 
pressing the  number  as  a  power  of  10.  Table 
6  shows  the  numbers  1  through  10  expressed 
as  powers  of  10.  Most  of  the  exponents  which 
comprise  logarithms  are  found  by  methods  be- 
yond the  scope  of  this  text.  However,  it  is  not 
necessary  to  -know  the  process  used  to  obtain 
logarithms  iif  order  to  make  use  of  thetn. 

Table  6. -The  numbers  1  through  fo 
expressed  as  powers  of  10. 


1 

10°  « 

6 

=  io°*7THls 

"  2 

jqO.  30103 

7 

_   jqO. 84510 

3 

jqO.  47712 

8 

|qO,903W 

4 

jQ  0.60206 

9 

_    iq  0. 95424-' 

5 

jq  0.69^97 

,^J0 

f/io' 

COMPONENTS  OF  LC 
r       fractional  part  of  a  l( 


jarithm  is  usually 
Written  as  a  decimal.  The  whole  number  part 
o\a  logarithm  and  the  decimal  part  have  been 
given  separate  names  because  each  plays  a 
special  part  in  relation  to  the  number  which  the 
logarithm  represents.  The  whole  number  part 
of  a  logarithm  is  called  the  CHARACTER!^ 
This  part  of  the  logarithm  shows  the  pptgtif 
the  decimal  point  in  the  associatect^HliL 
The  decimal  part  of  a  logarithm  \s  tallecrCfS 
MANTISSA. 

For  a  particular  sequence  of  digits  making 
up  a  number,  the  mantissa  of  a'  common  loga- 
rithm is  always  the  same  regardless  of  the 
position  of  the  decimal  point  in  that  number. 
For  example,  log  5270  =  3.72181;  the  mantissa 
is  0.72181  and  the  characteristic  is  3. 

CHARACTERISTIC 

The  characteristic  of  a  common  logarithm 
shows  the  position  of  the  decimal  point  in  the 
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associated  number,  The  characteristic  for  a 
given  number  may  be  determined  by  inspection. 
It  will  be  remembered  that  a  common  logarithm 
is'siniply  an  exponent  of  the  base  10. 

'When  we  write  log  360  =  2.55630,  we  under-, 
stand  this  to  mean  10  2  5563,^z  360.  We  know 
that  the  number  is  360  and  not  36  or  3,600  be- 
cause the  characteristic  is  2.  Ave  know  10 1  is 
10,  10-  is  100,  and  10  *  is  1,000.  Therefore, 
the  number  whose  value  is  10 2  *56Jn  must  lie 
between  100  and  1.000  and  of  course  any  num- 
ber in  that  range  has  3  digits./ 

Suppose  the  characteristyAad  been  1:  where 
would  the  decimal  point  in  the  number  be 
placed?  Since  10  1  is  10  and  102  is  100,  any 
number  whose  logarithm  is  between  1  and  2 
must  lie  between  10  and,  100  and  will  have  2 
*  digits.  Notice  how  the  position  of  the  decimal 
point  changes  wiihthe  value  of  the  character- 
istic in  the  following. examples: 

log  36.000  =  4.55630 
log  3,600  =  3.55630 
log  360  =  2.55630 
log  36  =^1.55630 
log  3.6  =  0.55630 


Note  that  it  .is  only  the  characteristic  that 
c^r&nge.s  when  the  decimal  point  is  moved.  •  An 
advantage  of  using  the  base  10  is  thus  revealed. 
If  the  characteristic  is  known,  the  decimal  point 
may  easily  be  placed.  If  the  number  is  knbwn, 
the  characteristic  may  be  determined  by  in- 
spection: that  is,  by  observing  the  location  of 
the  decimal  point. 

Although  an  understanding  of  the  relation 
of  the  characteristic  to  the  powers  of  10  is 
necessary  for  thorough  comprehension  of  loga- 
rithms, the  characteristic  may  be  determine^ 
mechanically  by  application  of  the  following 
rules: 

1.  for  a  number  greater  than  1,  the  charac- 
teristic is  positive  and  is  one  less  than*  the 
number  of  digits  to  the  left  of  the  decimal  point 
in  the  number.  - ' 

2.  For  a  positive  number  less  than  1,  the 
characteristic  is  negative  and  has  an*  absolute 
value  pne  more  than  the  number  of  zeros  be- 
tweenthe  decimal  point  and  the  first  nonzero 
digit  of  the  number. 

Table  7  contains  examples  of  each  type  of 
characteristic. 

Practice  problems.  In  problems  A  through 
4,  write  the  characteristic  of  the^ogk^rahm  for 
each  number.  In  5  through  8,  place  thedtecimal 


Table  7.—  Positive  ancl  negative  characteristics. 


V  ^  Number 

Power  of  10 

Digits  in  number 
to  the  left  of 
decimal  point 

Characteristic 

I 

Between: 

134 

^loVand  10  3  A 

3 

2 

13.4 
1.34 

'lV'and  10  2 
lo°  and  10  1 

2 
1 

1 
0 

* 

Zeros  between 
decimal*  point  . 
and  first  non- 
zero digit 

0.134 

10"1  and  10° 

0 

-1 

0.0134 

io~2  and4  10- 1 

1 

-2 

0.00134 

10  "3  and  1CT2 

'  2 

-3  v 

■» 

^ 

39 

US 

t 

\ 

0 
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-point  in  each  number  as  indicated  by  the  char- 
acteristic* (c)  given  for  each. 


1.  4,321 

5.  123:  c  =  4 

7.  8;  c  ='  -1 

Answers:1* 


2.  1.23 


3.  0.05 


Table  8/-Effect  of  changes  in  the 
location  of  the  decimal  point. 


4.  12 
6.  8*,210;  €  =  0 
8.  321:  c  =  -2 


1.  3 

5.  12,300 


2.  0 

6.  8.210 


3.  -2 
7.  0.8 


9.  1 

8.  0.0321 


Negative  Characteristics 

When  a  characteristic  is  negative,  such  as 
-2,  we  do  not  carry  out  the  subtraction  since 
this  would  involve  a  negative  mantissa.  There 
are  several  ways  of  indicating  a  negative  char- 
acteristic. Mantissas  as  presented  in  appendix 

1  are  always  positive  and  Ufe^sign  of  the  char- 
acteristic is  indicated  separately.  For  example, 
whrfe  log   0.023   «  2.36173,  the  bar  over  the 

2  indicates  that  only  the  characteristic  is  neg- 
ative—that  isf  the  logarithm  is  -2  +  0.36173. 

Another  way  to  show  the  negative  character- 
istic is  to" place  it  after  the  mantissa.  In  this 
case  we  write  0.36173-2. 

A  third  method,  which  is  used  where  possi- 
ble throughout  this  section,  is  to  add  a  certain 
quantity  to  the  characteristic  and  to  subtract 
the  same  quantity  to  the  right  of  the  mantissa. 
In  the  case  of  the  example/ we  may  write: 

.  2.36173 


Number 

Charac- 
teristic 

mantissa 

Logarithm 

45,600 

4 

0.6590 

4.6590 

4,560 

3 

0.6590  ' 

3.6590 

456 

2 

0.6590 

2.6590 

.  45.6 

1 

0.6590 

1.6590 

4.56 

0 

0.6590 

0.6590 

0.456 

-1 

0.6590 

0.6590-1 

0.0456  . 

-2 

0.6590 

0.6590-2 

0.00456  1 

-3 

0.6590 

0.6590-3 

10 


-10 


8.36173-10 


In  this  way  the  value  of  the  logarithm  remains 
the  same,  but  we  now  have  a  positive  character- 
istic as  well  as  a  positive  mantissa. 

MANTISSA 

The  mantissa  is  the  decimal  part  of  a  loga- 
rithm. Tables  of  logarithms  usually  contain 
only  mantissas  since  the  characteristic  can  be 
readily  determined  as  explained  previously. 
Table  8  shows  the  characteristic,  mantissa, 

•  and /logarithm  for  several  positions  of  the  deci- 
mal point  using  the  sequence  of  digits  4,  5,  6. 
It  will  be  noted  that  the  mantissa  remains  the 
same  for  that  particular  sequence  of  digits,  re- 

A^ardless  of  the  position  of  the  decimal  point. 


Appendix  I  of  this  pamphlet  is  a  table 
which  includes  the  logarithms  of  numbers  from 
1  to  134.  For  our  present  purpose  in  using  this 
table,  we  are  concerned  on^y  with  the  fir^t  and 
sixth  columns.  > 

The  first,  column  contains  the  number  and 
the  sjbcth  column  contains  its  logarithm.  For 
exandple,  if  it  is  desired  to  find  the  logarithm 
of  45,  w$  would  find  the  number  45  in  the  first 
lumn,  look  horizontally  across  'the  page  to 
column  6  and  read  the  logarithm,  1.65321.  A 
glance  down  the  logarithm  column  will  reveal 
that  the  logarithms  increase  in  value  as  the 
numbers  increase  in  value. 

It  must  be  noted  in  this  particular  table  that 
both  the  mantissa  and-  the  characteristic  are 
given  for  the  number  in  the  first  column.  This 
is  simply  an  additional  aid  since  the  charac- 
teristic can  easily  be  determined  by  inspection. 

Suppose  that  we  wish  to  use  the  table  of 
Appendix  I  to  find  the  logarithm  of  a  number 
not  shown  in  thfc  "number"  column.  By  recall- 
ing that  the  mantissa  does  not  chahge  when  the 
decimal  point  moves,  we  may  be  able  to  deter- 
mine the  desired  logarithm.  For  example,  the 
number  450  does  not  appear  in  the  number  col- 
umn of  the  table.  However,  the  number  45  has 
the  same  mantissa  as  450;  the  only  difference 
between  the  two  logs  is  in  their  characteristics. 
Thus  the  logarithm  of  450  is  2.65321. 
,  Practice  problems.  Find  the  logarithms  of 
the  following  numbers: 
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116 


1.  64 


2.  98 


Answers: 

♦ 

1.  i.dOUltf 
3.  3.80618 

J 


3.  6400 


2.  ,1.99123 
4.  0.99123 


'4.  r9.8 


THE  SLIDE  RULE 


in  162U.  nui  lunu  alter  the  invention  of  loga- 
rithms, Edmund  Gumer  bhofoed  how  logarithmic 
calculations  could  be  carried  out  mechanically. 
This  is  done  by  laying  off  lengths  on  a  rule, 
representing  the  logarithms  of  numbers,  and  by 
combining  these  lengths ^n  various  ways.  The 
idea  was  developed,  ^and  with  the  contribution* 
of  Mannheim  in  185Tthe  slide  rule  came  into 
being  as  we  know  it  today. 

The  slide  rule  is  a  mechanical  device  by 
which  we  can  carry  uut  any  arithmetic  calcula- 
tion with  the  exception  of  addition  and  subtrac- 
tion. The  most  common  operations  with  the 
slide  rule  art  multiplication,  division,  finding 
the  square  or  cube  of  a  number,  and  finding  #ie 
square  root  or  oube  root  of  a  number.  Also 
trigonometric v  operations *are  frequently  per-- 
formed.  The  advantage  of  the  slicie  rule  is  that 
it  can  be  used  with  relative  ease  to  solve  com- 
plicated proems.  One  limitation  is  that  it 
will  gfve  results  with  a  maximum  of  only  three 
accurate  significant  digits.  This  is  sufficient 
,  in  most  calculations,  however,  aince  most  phjM- 
ical  constants  are  only  correct  to  two  or  thMe 
^significant  digits.  When  greater  accuracy  is 
required,  other  methdds  must  be  used. 

A  simplifud  diagram  of  a  slide  rule  is  pic- 
tured in  figure  3.  The  sliding,  central  part 
of  the  rule  is  called#;the  SLIDE.  The  movable 
glass  or  plastic  runner  with  a  hairline  imprinted 
on  it  is  called  the  INDICATOR.  There  is  a  C 
scale  printed  un  the  slide,  and  a  D  scale  exactly 
the  same  as. the  C  scale  printed  on  the  BODY 
or  STOCK  of  the  slide  rule.  The  mark  that  is 
associated  with  the  pdmary  number  1  on .  any 
slide  rule  scale  is  called  the  INDEX.   There  is 


Figure  3, -Simplified  diagram  of  a  slide  rule. 


an  index  at  the  extreme  leftxinri  at  the  extreme 
right  on  both  the  C  and  D  scales.    There  are 
othei   scales,  each  having  a  particular  -use* 
,  Some  of  these  wall  be  mentioned  later. 

SLIDE  RULE  THEORY 

We  have  mentioned  that  the  slide  rule  is 
based  on  logarithms.  Recall  that,  to  multiply 
two  numbers,  we  simply  add  their  logarithms. 
Previously  we  found  these  logarithms  in  tables, 
but  if  the  logarithms  are  laid  off  on  scales  such 
as  the  C  and  D  scale  of  the  slide  rule,  we  can 
add  the  lengths,  which  represent  these  loga- 
rithms. To  "make  such,  a  scale  we  could  mark 
off  mantissas^  ranging  from  0  to^l  on  ^  rule  as 
In  figure  4.  We  then"  And'  in  "thet!  tableathe 
logarithms  for  numbers  ranging  from  1  to  10 
and  write  the  number  opposite  its  correspond- 
ing logarithm  on  the  scale. 
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Eigure  4#  -Logarithms  and  corresponding 
I  «s  numbers  on  a  scale. 

Tkble  3  lists  the  numbers  1  through  10 
and  their  corresponding  logarithms  to  th$ee 
places.  These  numbers  are  written  opposite 
their  logarithms  on  the  scale  shown  ^in  figure 
4/  If  we  have- two"  such"  scales,  exactly  alite^ 
arranged  so  that  one  of  them  is  free  to  slide 
along  the  other,  we  can  perform  the  operation 
of  multiplication,  for  example,  by  ADDING 
LENGTHS;  that  is,  by  adding  logarithms.  For 
example,  if  we  wish  to  multiply  2x3,  w<e  find 
the  logarithm  of  2  on  the  stationary  scale/and 
move  the  sliding  scale  so  that  its  index  is  over 
that  mark.  We  then  add  the  logarithm  of  3  by 
finding  that  logarithm  on  the  sliding  scale  and 
by  reading  below  it,  on  the  stationary  scale,  the 
logarithm  that  is  the  sum  of  the  two. 

Since  we  are  not  interested  in  the  logarithms 
themselves,  but  rather  in  the  numbers  they 
represent,  it  is  possible  to  remove  the  loga- 
rithmic" notation  on  the  scale  in  figure  4*  and 
leave  <?nly  the  logarithmically  spaced  number 
scale.  The  C  and  D  scales  of  the  ordinaflHriide 
ruTe  are  made  "up  in  thig  manner.  Figure  5 
shows  the  multiplication  of  2  x  3.  Although  the 
logarithm  scales  have  been  removed,  the  num- 
bers 2  and  3  in  reality  signify  the  logarithms  of 
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Tatfle  9.— Numbers  and  their 
corresponding  logarithms. 


Number 

Logarithm 

Number 

Logarithm 

1"' 

.  0.000 

6- 

0.778  4  - 

2 

\  0.301 

7 

0.845 

3 

0.477. 

8 

0.903 

4 

Q.602 

9 

0.954 

5. 

0.699 

10 

1.006 

0  301  0  477 

 f  1    -f  I  

 0  7  7$  


Figure  5.— Multiplication  by  use  of 
the  slide  rule. 

2  ami  3,  namely,  0.301  and  0.477;  the  product  6 
on  me  scale  really  signifies  the  logarithm  of  6, 
that  i£,  0.778.  Thus,  although  logarithms  are 
the  underlying  principle,  we  are  able  to  work 
'with  the  numbers  directly. 

It  should  be  noted  that  the  scale  is  made  up 
from  mantissas  only.  The  characteristic  must 
be  determined  separately  as  in  the  ca'se  where 
tableware  used.  Since  mantissas  identify  only 
the  cbgit  sequence,  the  digit  3  on  the  slide  rule 
represents  not  only  3  but  30,  300,  0.003,  0.3, 
and  so  forth. >  Thus,  the  divisions  may  repre- 
sent the  number  multiplied  or  divided  by  any 
power  of  10.  This  is  true  also  for  numbers 
that  fall  between  the  divisions.  The  digit  se- 
quence, 1001,  could  represent  100.1,  1.001, 
0.01001,  and  so  forth.  The  following  example 
shows  the  use  of  the  same  set  of  mantissas 
which  appear  in  the  foregoing  example,  but  with 
a  different  characteristic  and,  therefore,  a  dif- 
ferent answer: 


EXAMPLE:  Use  logs  (positions  on  the  slide 

rule)  to  multiply  20  times  30. 
SOLUTION:  f 

-    ^     log  20  =  1.301  (2  on  the  slide  rule) 

log  30  =  1.477  (3  on  the  slide  rule) 


log  of  answer  =  2.778  (6  on  the  slide  rule) 

Since  the  2  in  the ,  log  of  the  answer  is 
merely  the  indicator  of  the. position  of  the  deci- 
mal point  in  the  answer  itself,  we  do  not  expect 
to  find  it  on  the  slide  rule  scale.  (As  in  the 
foregoing  example,  we  find  the  digit  6  opposite 
the  multiplier  3.  This  time,  however,  the  6 
.represents  600,  because  the  characteristic  of 
the  log  representee!  by  6  in  this  problem  is  2. 

READING  THE  SCALES 

Reading  a  slide  rule  is  no  more  complicated 
than  reading  a  yard  stick  or  ruler,  if  the  dif- " 
ferences  in  its  markings  are  understood. 

Between  the  two  indices  of  the  C  or  D  scales 
\the  large  digit  1  at  th£  extreme  left  and  right 
of  the  scales)'  are-divisions  numoered  2,  3,  4, 
5,  6,  7,  8,  and  9.  Each  length  between  twq  cgnr 
secutive  divisions  is  divided  into  <fiL  sections ^ 
and  each  section  is  divided  interspaces.  *  (See*" 
figure  6.)         l  v 

V  OlVlSlON  * 


■ — i 

secTioi 

i 

f 

tffWtf — 

'2 

:  \ 

h 

Figure  6.— Division,  section,  and  space  of 
a  slide  rule  scale. 

Notice  that  the  division  between  1  and  2 
occupies  about  one -third  of.  the  length  of  the 
rule.  This  is  sufficient  space  in  which  to  write 
a  number  for  each  of  the  section  marks.  The 
sections  in  the  remaining  divisions  are  not 
numbered,  because  the  space  is  more  limited. 
Notice  also  that  in  the  division  between  1  and  2, 
the  sections  are  each  divided  into  10  spaces. 
The  sections  of  the  divisions  from  2  to  4  are 
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subdivided  into  only  5  spaces,  and  those  from 
4  to  the  right  index  are  subdivided  into  only  2 
spaces.  These  subdivisions  are  so  arranged 
because  of  the  linvits  of  space. 

Only  the  sequence  of  significant  digits  is 
read  on  the  slide  rule.  The  position *of  the  dec- 
imal point  is  determined  separately.  For  ex- 
ample, if  the  hairline  of  the  indicator  is  in  the 
left-hand  position  shown  in  figure,  7t  the  sig- 
nificant digits  are  read  as  follows: 


i —   i  i 
i  i  »  i  »|  , 


\ 


'03 


Figure  7.  -Readings  in  the  first  division 
of  a  slide  rule. 


1.  Any  time  the  hairline  falls  in  the  first 
division,  the  first  significant  digit  is  1. 

2.  Since  the  hairline  lies  between  the  index 
and  the  first  section  mark,  we  know  the  number 
lies  between  LO  and  1.1,  or  10  and  11,  or  100 
and  110,  etc.  The  second  significant  digit  is  0. 

3.  We  next  find  how  far  from  the  index  the 
hairline  is  located.  It  lies  on  the  marking  for 
the  third  space. 

4.  The  three  significant  digits  are  103. 

In  the  second  example  shown  in  figure  7, 
the  hai/hne  is  located  in  the  first  division,  the 
ninth  section,  and  on  the  fourth  space  mark  of 
that  section.  Therefore,  the  ^significant  digits 
are  194. 

Thus,  we  see  that  any  number  falling  in  the 
first  division  of  the  slide  rule  will  always  have 
1  as  its  first  significant  digit.  It  can  have  any 

TEN  SPA(fcs  IN  EACH 
SECflOW 


numberfrom  0  through9  as, its  second  digit, and 
any  number  from  0  through  9  as  its  third  digit. 
Sometimes  a  fourth  digit  can  be  roughly  approx- 
imated in  this  first  division,  but  the  number  is 
really  accurate  to  only  three  significant  digits. 

In  the  second  and  third  divisions,  each  sec- 
tion is  divided  into  only  5  spaces.  £3ee  fig,  8). 
Thus,  each  space  is  equal  to  0.2  of  the  section. 
Suppose,  for  example,  that  the  hairline  lies  on 
the  third  space  mark  after  the  large  2  indicat- 
ing the  second  division.  The  first  significant 
digit  is  2*  Since  the  hairline  lies  between  2  and 
the  first  section  mark,  the  second  digit  is  0. 
The  hairline  lies  on  the  third  space  mark  or 
0.6  of  the  way  between  the  division  mark  and 
the  first  section  mark,  so  the  third  digit  is  6^ 
Thus,  the  significant  digits  are  206.  Notice 
that  if  the  hairline  lies  on  a  space  mark  the 
third  digit  can  be  written  accurately;  otherwise 
it  must  be  approximated. 

From  the  fourth  division  to  the  right  index, 
each  section  is  divided  into  only  two  spaces. 
Thus,  if,  the  hairline  is  in  the  fourth  division 
and  lies  on  the  space  mark  between  the  sixth 
and  seventh  sections,  we  would  read  465.  If  the 
hairline  did  not  fall  on  a  space  mark,  the  third 
digit  would  have  to  be  approximated. 

OPERATIONS  WITH  THE  SLIDE  RULE 

There  are  two  parts  in  solving  problems 
with  a  slide  rule.  In  the  first  part  the  slide 
rule  is  used  to*  find  the  digit  sequence  of  the 
final  result.  The  second  part  is  concerned  with 
the  placing  of  the  decimal' point  in  the  result. 
Let  us  consider  first  the  digit  sequence  in  mul- 
tiplication and  division. 

Multiplication 

Multiplication  is  performed  on  the  C  and  D 
scales  of  the  slide  rule.  The  following"  proce- 
dure is  used: 

ONLY  FIVE  SPACES  IN  EACH 
SECTION 
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HAIRLINE 

Figure  8. -Reading  in  the  second  division  of  a  slide  rule. 
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.1.  Locate  one  of  the  factors  to  be  multiplied 
on  the  D  scale,  disregarding  the  decimal  point. 

2.  Place  the  index  of  the  C  scale  opposite 
that  number.  * 

3.  Locate  the  other  factor  on  the  C  scale 
and  move  the  hairline  of  the  indicator  to  cover 
this  factor. 

4.  The  product  is  on  the  D  scale  under  the 
hairline. 

Sometimes  in  multiplying  numbers,  such  as 
25  x  6;  the  number  on  the  C  scale  extends  to 
the  right  of  the  stock  and  the  product  cannot  be 
read.  In  such  a  case,  we  simply  shift  indices. 
Instead  of  the  left-hand  index  of  the  C  scale, 
the  right-hand  index  is  placed  opposite  the  fac- 
thr  on  the  D  scale.  The  rest  of  the 'problem 
remains  the  same.  By  shifting  indices,  we  are 
simply  multiplying  or  dividing  by  10,  but  this 
plays  no  part  in  reading  the  significant  digits. 
Shifting  indices  affects  the  characteristic  only. 


EXAMPLE: 


252  x  3  =  756 


1.  Place  the  left  index  of 'the  C  scale  over 
252. 

2.  Locate  3  on  the  C  scale  and  set  the  hair- 
line of  the  indicator  over  it. 

3.  Uijder  the  hairline  on  the  D* scale  read 
the  product,  756. 


EXAMPLE: 


4  x  64  =  256 


1-  Place  the  right  index  of  the  C  scale 
over  4. 

2.  Locate  64  on  the  C  scale  and  set  the 
hairline  of  the  indicator  over  it. 

3*  Under  the  hairline  on  the  D  scale  read 
the  product,  256. 

Practice  problems.  Determine  the  following 
products  by  slide  rule  to  three  significant 
digits: 


1.  2.8  x  16 

2.  7  x  1.3 

Answers: 

1,  44,8 

2.  9.10 

Division 


3.  6  x  85 
4-  2.56  x  3.5 

3,  510 

4.  0.96 


Division  being  the  iriverse  of  .multiplication, 
the  process,  of  multiplication  is  reversed  to 


perform  division  on  a  slide  rule.  We  subtract 
the  length  representing  the  logarithm  of  the 
divisor  from  the  length  representing  the  loga- 
rithm of  the  dividend  to  get  the  logarithm  of  the 
quotient. 

The  procedure  is  as  follows: 

1.  Locate  the  dividend  on  the  D  scale  and 
place  the  hairline  of  the  indicator  over  it. 

2.  Move  the  slide  until  the  divisor  (on  the  C 
scale)  lies  under  the  hairline. 

3.  Read  the  quotient  on  the  D  scale  opposite 
the  C  scale  index.  * 

If  the  divisor  is  greater  numerically  than 
the  dividend,  the  slide  will  extend  to  the  left.  If 
the  divisor  is  less,  the  slide  wiU  extend  to  the 
right.  In  either  case,  the  quotient  is  the  number 
on  the  D  scale  that  lies  opposite  the^U*  scale  in- 
dex, falling  within  the  limits  of  the  D/scale. 

EXAMPLE:  6-3=2 

1.  Locate  6  on  the  D  scale  and  place  the 
hairline  of  the  indicator  over  it. 

2.  Move  the  slide  until  3  on  the  C  scale  is 
under  the  hairline. 

3.  Opposite  the  left  C  scale  index,  read  the 
quotient,  2,  on  the  D  scale. 


EXAMPLE: 


378  -  63  =  6 


1.  Locate  378  on  the  D  scale  and  move  the 
hairline  of  the  indicator  over  it. 

2.  Move  the  slide  to  the  left  until  63  on  the 
C  scale  is  under  the  hairline. 

3.  Opposite  the  right-hand  index  of  the  C 
scale,  read  the  quotient,  6,  on  the  I)  scale. 

Practice  problems.  Determine  the  following 
quotients  by  slide  rule. 


1.  126  •  3 

2.  960  -  15 

Answers: 

1.  42 

2.  64 


3.  142  -  71 

4.  459  -  17 


3.  2 

4.  27" 


PLACING  THE  DECIMAL  POINT 

Various  methods  have  been  advanced  regard- 
ing the  placement  oi  the  decimal  point  in  num- 
bers derived  from  slide  rule  computations. 
Probably  the  most  universal  and  most  easily 
remembered  method  is  that  of  approximation. 
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The  method  of  approximation  means  simply 
the  rounding  off  of  numbers  and  the  mechanical 
shifting  of  decimal  points  in  the  numbers  of  the 
problem  so  that  the  approximate  size  of  the 
solution  and  the  exact  position  of  the  decimal 
point  will  be  seen  from  inspectioh.  The  slide 
rule  may  then  be  used  to  derive  the  correct  se- 
quence of  significant  digits.  The  method  may 
best  be  demonstrated  by  "a  few  examples.  Re- 
member, shifting  the  decimal  point  in  a  number 
one  place  to  the  left  is  the  same  as  dividing  by 
10.  Shifting  it  one  place  to  the  right  is  the 
same  as  multiplying  by  10.  Every  shift  must 
be  compensated  for  in  order  for  the  solution  to 
be  correct. 


EXAMPLE: 


0.573  x  1.45 


SOLUTION:  No  shifting  of  decimals  is  neces- 
sary here.  We  see  that  approxinfafely  0.6  is  to 
be  multiplied  by  approximately,  l*ly2.  Immedi- 
ately, we  see  that  the  solution  is  in  the  neigh- 
borhood of  0.9.  By  slide  rule  we  find  that  the 
significant  digit  sequence  of  the  product  is  832. 
From  our  approximation  we  know  that  the  deci- 
mal point  is  to  the  immediate  left  of  the  first 
significant  digit,  8.  Thus, 

.0.573  x  1.45  ^  0.832 


EXAMPLE: 


239  x  52.3 


SOLUTION:  For  ease  in  multiplying,  we  shift 
the  decimal  point  in  52.3  one  place  to  the  left, 
making  it  5.23.  To  compensate,  thetdecimal 
point  is  shifted  to  the  right  one  place  in  the 
other  factor.  The  new  position  of  the  decimal 
point  is  indicated  by  the  presence  of  the  caret 
symbol. 

239.0A  x  5A2.3 
r  problem  is  approximately  the  same  as 

2,400  x  5  =  12,000 

S^slide  rule  the  digit  sequence  is  125.  Thus, 

239  x  52.3  -:  12,500 

EXAMPLE:      0.000134  x  0.092 

SOLUTION: 

Shifting  decimal  points,  we  have 
0/:00.000134  x  0.09A2 


Approximation:   9  x  0.0000013  =  0.0000117/ 
By  slide  rule  the  digit  sequence  is  123.  From 
approximation  the  decimal  point  is  located  as 
follows: 

0.0000123 

Thus, 

0.000134  x  0.092  =  0.0000123 

EXAMPLE:  53,1 
42.4 

*  ,  **« 

SOLUTION:   The  decimal  points  are  shifted  so 
that  the  divisor  becomes  a  number  between  1 
and  10.   The  method  employed  is  cancellation. 
Shifting  decimal  points,  we  have  v 


5A3.1 


4A2.4 


Approximation: 


1.2 


Digit  sequence  by  slide  rule: 
1255 

-  i 

Placing  the  decimal  point  from  the  approxi- 
mation: 


1.255 


Thus, 


EXAMPLE: 


-53J. 
1.4 

0.00645 


^42.4  =  L255 


0.0935 

SOLUTION: 

Shifting  decimal  points,  we  have 


0.00A645 


0.09A35 


Approximation: 


0.6 
T 


=  0.07 


Digit  sequence  by  slide  rule:  690 


45 


121 


4" 


Placing  the  decimal  point  from  the  approxi- 
mation: \ 


0.0690 


Thus, 


0^00645  - 
0.0935  = 


0.0690 


Practice  problems.  'Solve  the  *  following 
problems  with  the  slide  rule  and  use  the  method 
of  approximation  to  determine  the  position  of 
the  decimal  point: 


3.  0.0362  x  1.21 

4.  67  t  316 


3.  0.0438 


4.  0.212 


SL  0.00453  x  0.1645 

2.<4^*V%255 

Answers: 

1.  0.000745 

2.  42.4 

MULTIPLICATION  Am 
DIVISION  COMBINED 

In  problems  such  as 


0.644  x  330 
^  161  x  12 

it  is  generally  best  to  determine  the  position  of 
the  decimal  point  by  means  of  the  method  of 
approximation  and  to  determine  the  significant 
digit  sequence  from  the  slide  rule.  Such  prob- 
lems areusually  solved  by  dividing  and  multi- 
plying alternately  throughout  the  problem.  That 
is,  we  divide  0.644 'by)l61,  multiply  the  quotient 
by  330,  and  divide  that  product  by  12. 
Shifting  decimal  points,  we  have 


PA0.644 


3A30 


lA61a 


Since  there  is  a  combined"  shift  of  three  places 
to  the  left  in  the  divisor,  there  must  also  be  a 
combined  shift  6f  three. places  to  the  left  in  the 
dividend.  v*' 

I  2 


Approximktlon:  °'0(?  *  ?  =  0.06 


x  2  -  0.12 


The, 
signifies 
follows 


fttyrstep  process  of  determining  the 
digit  sequence  of  this  problem  is  as 


1.  Place  the  hairline  over644  on  the  D  scale. 

2.  .Draw  Hie  slide  so  that  161  of  the  £  stale 
lies  under  the  hairline  opposite  644/ 

3.  Opposite  the  C  scale  index 4on  the  D  scale) 
is  the  quotient  of  644  +  ,161/  This  is  to  be  mul- 
tiplied by  33(T,but  330  projects  beyond  the  rule 
so  the  C  scale  indices*must"be  Shifted. 

4.  After  shifting  the  indioeg,  find  330  on  the 
C  scale  and  plkce  the  hairline  o^fcr  it.  Opposite 
330  under  the  hairline  pn  the  D  scale  is  the 

X  "  644 
product  of  thtX  330 


5. 


161 

Next,  move  the  C  scale 


/...-J  is  und#? 
the  hairline.  Oppositeithfc  e-^cale  ftujto((on  the 
D  scale)  is  the  final  quotient.  The  dign  se- 
quence is  110. 

The  decimal  point  is  then  placed  according 
tox^irapproxittiation:  0.11.  Thus, 

0.644  x  330 


161  x  12 


=  0.11 


Practice  problems.  Solve 
problems,  using  a  slide  rule: 

b.  22  x  78.5  x  157 

17  x  18.3  x  85  v 

2.  432  x  9_^600 


the  following 


25,600  x  198 

.3.  2.77  x  0.064 
0.1.7  x'  1.97 


Answers: 


1.  10.2 


2.  0.817 


3.  0.529 


SQUARES 

Squares  of  numbers  are  found  by  reference 
to  the  A  scale.  The  numbers  on  the  A  scale  are 
the  squares  of  .those  on  the  D  Scale.  The  A 
scale  is  really 'a  double  scale,  each  division 
being  one -half  as  large  as  the  corresponding 
division  on  the  D  scale.  The  use  of  a  double 
scale  for  squaring  is  based  upon  the  fact  that 
the  logarithm  of  the  square  of  a  number  is  twice 
as  large  as  the  logarithm  of  the  number  itself. 
►In  other  words, 

r  . 

log  N2  =  2  log  N  . 

This  is  reasonable,  since  ' 

log  N2  =  log*(N  x  N) 

=  log  N  +  log  N 
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122 


/A 


For  a' numerical  example,  suppose  that  we 
seek  to- square  2  by>tneans-of. logarithms*  ^  . 

log  2  =  $.301 

log*22*  =  2  log  2 
*  ,  =  2  x  0.301 

*  0.602 

Since-  each  part  of  the  A  scale  is  half  as 
large  as  thje  corresponding  part  of  the  D  scale, 
the  logarithm  0,602  on  the  A  scale  will  be  the 
same  length  as  the  logarithm  0.301  on  the  D 
scale.  That  is,  these  logarithms  will  be  oppo- 
site on  the  A  and  D  scales.  On  the  A  scale  as 
on  the  D  scale,  the  number^are  written  rather 
than  their  logarithms.  Select  several  ftumbers 
on  the  D  scale,  such  as  2,  4,  8,  11,  and  read 
their  squares  on  the  A  scale,  namely,  4,  16, 
♦  64,  121.  * 

Notice  also  that  the  same  relation  exists  fo^ 
the  iB  and  C  scales  as  for  the  A  and  D  scales. 
Of  interest,  also,"  is  the  fact  that  since  the  A 
and  B  scales  are  made  up*as  are  the  C  and  D 
scales,,  they  too  could  be  used  for,  multiplying 
or  dividing*  *^XS 

Placing  the  Decimal  Point 

Usually  thi-^decimal  may  be  placed  by  the 
method  blgattWBxiTnation .  However,  ^close  ob-  ( 
servation  wTIT^reveal  certain  facts,  that  elimi- 
nate the  need  for  approximations  in  squaring 
mincers.  Two  rules  suffice  for  squaring  whole 
or  mixed  numbers,  as  follow:  > 

1.  When  the  square  of  a  number  is  read  on 
the  left  half  of  the  A  scale,  thaf  number  will  ' 
contain  twice  the  number  of  digits  to  the  left  of 
the  decimal  point  in  the  original  number,  less  1. 

2.  When  the  square  of  a  number  is  read  on 
the  right  half  of  the.A  scale,  that  number  will 
contain  twice  the  number  of  digits  to  the  left' of 
the  decimal  point  in  the  original  number.  5 

EXAMPLE:  Square  2.5. 

SOLUTION:  Place  the  hairline  over  25  on  the 
D  sc^le.  Read  the  digit  sequence,  625,  under 
the  hairline  in  the  left  half  of-theNA-scale. 

By  rule  1:  {2  x  number  of  digits>\  =  2(1)- 1=1.* 
There  is  one  digit  to  the  left  #f  the  decimal 
point.  Thus, 


EXAMPLE:  Square  6,340. 

SOLUTION: 

Digit  sequence,  right  half  A  scale:  402. 
By  'rule  2:  2  x  number  of  digits  =  2x4  =8 
(digits  in  answer).  Thus, 

(6,340)2  =  40,200,000 

Positive  Numbers  Less  Than  One 

If  positive  numbers  less  than  one  are  to  be 
squared,  a  slightly  different  version  of  the  pre- 
ceding rules  must  be  employed.  Count  the 
zeros  between  the  decimal  point  and  the  first, 
nonzero  digit.  Consider  this  count  negative. 
Then  the  number  of  zeros  between  the  decimal 
point  and  the  ftrst  significant  digit  of  the 
squared  number  may  be  found  as  follows: 

1.  Left  half  A  scal^  Multiply  the  zeros 
counted  by  2  and  subtract  1. 

2.  Right  half  A  scale:  Multiply  the  zeros 
counted  by  2. 

EXAMPLE:  Square  0.0045 

SOLUTION:  '  " 

Digit  sequence,  right  half  A  scale:  2025. 
By  rule  2:  2(-2)  =  -4.   (Thus,  4  zeros N^e- 
tween  the  decimal  point  and  the  first  digit.)  t 

(0.0045)2=  0.00002025 

EXAMPLE:  Square  0.0215 


SOLUTION: 


462. 


(2.5)- 


6.25 


Digit  sequence,  left  half  A  scale: 
By  rule  1:  2(-l)  -1  =  -3 

i 

(0.0215)2  =  0.000462 


SQUARE  ROOTS 

Taking  the  square  root  of  a  number  with^  the 
slide  rule  is  the  inverse  process  of  squaring  a 
number.  Wi  find  the  number  dn  the  £  scale,' 
set  the  hairline  of  the  indicator  over^  it,  and 
read  the  square  root  on  the  D  scale  under  the 
hairline. 

Positioning  Numbers  on  the  A 

I 

Since^  there  are  two  parts  of  the  A  scale 
exactly  aMke-and  the  digit  sequence  could  be 
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found  on  either  part,  a  question  arises  as  to 
which  section  to  use.  Generally,  we  think  of 
the  left  half  of  the  rule  as  being  numbered  from 
1  to  10  and  the  right  half  as  being  "numbered 
from  10  to  100.  The  numbering  continues-  left 
half  100  to  1,000,  right  half  1,000  to  10,000,  and 
so  forth.  . 

A  simple  process  provides  a  check  6f  the 
location  of  the  number  from  which  the  root  is 
to  be  taken.  For  whole  or  mixed  numbers,  be- 
gin at  the  decimal  point  of  the  number  and  mark 
off  the  digits  to  the  left  (including  end  zeros)  in 
groups  of  two.  This  is  illustrated  in  the  follow* 
ing  two  examples: 


1,  V40,300.21 
^4'03'00.21 

2.  v'2 ,034.1 


V20'34.1 


Look  at  the  left-hand  group.  If  it  is  a  1-digR 
number,  use  the  left  half  of  the  A  scale.  If  it 
is  a  2 -digit  number,  use  the  right  half  of  the  A 
scale.  The- number  in  example  1  is  thus  located 
in  the  left  half  of  the  A  scale  and  the  number  in 
.example  2  is  located  in  the  right  half.  . 

Numbers  ^ Less* Than  One  > 

,  For  positive  numbers  less  than  one,  begin  at 
the  decimal  point  and  mark  off  groups  bt  two  to 
the  right.  This  is  illustrated  as  flows' 


1.  >/0.000245 


-  VO.00'02'45 
2.  ^0.00402 


V0.OOf4O;2 

Looking  from  left  to  right,  locate  the  firsllgroup 
that  contains  a  digit  other  than  zero.  /If  the 
first  figure  in  this  group,  is  zero,  locate  the 
number  in  the  left  half  of  the  A  scale.'  If'  the 
first  figure  is  other  than  zero,  locate  the  num- 
ber in  the  right  half  of  the  A  scale.  Thus, 


and 


M).00t02,45  is  located  left 


r  

^.OO^O^  is  located  right 


Powers j&SQT^  " 


When  the  square  roofcof  10,  1,000,  100,000, 
and  so  forth,  is  desired,  the  center  index  is 
used.  That/ is,  when  the  number  of  digits  in  a 
power  of  Itf  is  even,^use  the  center  index. 

■The  slide  rule  uses  onfy  the  first  three 
significant  digits  of  a  number.  Thus,  if  the 
rule  is  used,  \  2345 1.6  must  be  considered  as 
\  23400.</.  Likewise,  1.43567  would  be  consid- 
ered 1.43000,  and  so  forth.  For  greater  accu- 
racy, otner  methods  must  be  used. 

Practice  problems.  State  which  half  of  the 
A  seal/  should  be  used  for  each  of  the  following: 


l.,V/432 


2. 

3.  ' 

4.  nO.00045 

Answers: 

1.  Left 

2.  Left 

3.  £eft 
4-^ft 


5.  n4,320 

6.  vO.00301 

7.  vO.0640 


8.  N9.41 


5.  Bight 

6.  Right 

7.  Left- 

8.  Left 


> 


Placing  the  Decimal  Point 

To  place  the  decimal  point  (n  the  square 
root'of  a  number,  mark  off  the  original  number 
in  groups  of  bgo  as  explained  previously. 

For  whole  o^  mixed  numbers,  the  number  of 
groups  marked  off  is  the  number  of  digits  in- 
cluding end  zeros  to  the  "left  of  the  decimal 
point  in  the  root.  The  following  problems  il- 
lustrate this; 


1.  n23,415 

2.  5/421, 562.4 

'  V42'15'62.4 


3.  V231.321 
n/2'31.321  . 


Three  digits  to  left  of  dec- 
imal point  in  square  root 


Three  digits  to  left  of  dec- 
imal point  in  square  root 

Two  digits  to  left  of  deci- 
mal point  in  square  root 
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For  positive  numbers  less  than  one,  there 
will  be  one  zero  in  the  square  root  between  the 
decimal  point  and  the  first  significant  digit  for 
every  pair  of  zeros  counted  between  the  deci- 
mal point  and  the  first  significant  digit  of  the 
original  number.  This  is  illustrated  as  .follows: 


V0.0004 


nO.00'04 


2.  \  0.00008 


nO.00'00'8 


3.  \0.08' 


EXAMPLE: 


One  zero  before  first  digit 
in  square  root 


Two  zeros  before  first  digit 
in  square  root 

No  zeros  before  first  digit 
in  square  root 


n4,521 


\45'21 

(Two  digits  in  left-hand  groug) 

Place  the  hairline  over  452  on  the  right  half  of 
the  A  scale,  iftead  the  digit  sequence  of  the 
root/ 672,  on  the  D  scale  under  the  hairline. 
Since  there  are  two  groups  in  the  original  num- 
ber, there  are  two  digits  to  the  left  of  the  deci- 
mal point  in  the  root.  Thus, 


EXAMPLE: 


\4,521  =  67.2 
\  0.000741 


^  0.00*07 '41 
(First  figure  is  zero  in  this  group) 

Place  the  hairline  over  741  on  the  left  half  of 
the  A  scale.  Read  the  digit  sequence  of  the 
root,  272,  under  the  hairline  on  the  D  scale. 
Since-  there  is  one  pair  of  zeros  to  the  left  of 
the  group  containing  the  first  digit,  there  is  one 
zero  between  the  decimal  point,  and  the  first 
significant  digit  of  the  root.  Thus, 


vO.000741  0.0272 

Practice  problems.  Evaluate  each  of  the 
following  by  meansof  a  slide  rule: 


1.  (17.75)2 

2,  (0.65)2 


3,  ^9A2 


Answers: 

1.  £15 

2.  0.422 


3.  3.07 
/ 

4.  0.272 


CUBES  AND  CUBE  ROOTS       '  ^ 

Cubes  and  cube  roots  are  read  on  the  D  and 
K  scales  of  the  slide  rule.  On  the.  K  scale  are 
compressed  three  complete  logarithmic  scales 
in  the  same  space  as  that  of  the  D  scale.  Thus, 
any  logarithm  on  the  K  /seale  is  three  times*Bte 
logarithm  opposite  U  on  the  D  scale.  To  cube 
.a  number  by  logarithms,  we  multiply  its  loga- 
rithm by  three.  Therefore,  the  logarithms  oi 
cubed  numbers  will  lie  on  the  K  scale  opposite 
the  nuiribers  on  the  D  scale. 

As  with  the  other  slide  rule  scales-  meh- 
tionedr  the  numbers  the  logarithms  represent, 
rather  than  the  logarithrfiic  notations,  are 
printed  on  the  rule.  In  the  left-hand  third  of 
the  K  scale,  the  numbers  r^nge  from  0  to  10;  in 
the  middle  third  they  range  from  10  to  100;  and 
in  the  right-hand  third,  they  range  from  100  to 
1,000. 

To  cube  a  number,  find  the  number  on  the  D 
scale,  place  the  hairline  over  it,  and  read  the 
digit  sequence  of  the  cubed  number  on  the  K 
scale  under  the,  hairline. 

Placing  the  Decimal  Point 

The'decimal  point  of  a  cubed  whole  or  mixed 
number  may  be  easily  placed  by  application  of 
the  following  rules:  ^ 

1.  If  the  cubed  number  is  located  in  the  left 
third  of  the  K  scale,  its  number  of  digits  to  the 
left  of  the  decimal  point  is  3  times  the  number 
<jf  digits  to  the  left  of  the  decimal  point  in  the 
original  number,  less  2. 

2.  If  the  cubed  number  is  located  in  the 
middle  third  of  the  K  scale,  its  number  of  digits 
is  3  times  the  number  of  digits  of  the  original 
number,  less  1.  °  - 

3.  If  the  cubed  number  is  located  in  the 
right  third  of  the  K  scale,  its  number  of*  digits 
is  3  times  the  number  of- digits  of  the  original 
number. 


EXAMPLE: 


(1.6)3 


4,  n074 


SOLUTION:  Place  the  hairlinfe  over  1&  on  D 
scale.   Read  the  digit  sequence,  409,  on  the  K 


scale  under  the  hairline. 
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The  number  of  digits  to  the  left  of  the  decimal 
point  In  the  number  1.6  is  1,  and  the  cubed  - 
number  Is  in  the  left-hand  third  of  the  K  scale. 

3  x  (No.  of  digits)-2  =  (3  x  l)-2 
=  1 


Therefore, 


Ji.6)3  =  4.09 
(4-1)3 


EXAMPLE: 
Digit  sequence  =  689. 


SOLUTION:  The  number  of  digits  to  the  left  of 
the  decimal  point  in  the  number  4.1  is  lf  and  the 
cubed*  number  Is  In  the  middle  third  of  the  K 
scale. 

3  x  (No.  of  digits)-!  =  (3  x  1)-1 


=  2 


Therefore,- 


EXAMPLE: 


(4.1)3  =  68.9 
(52)3 


SOLUTION:  Digit  sequence  =  141. 

The  number  of  digits  to  the  left  of  the  decimal 
point  In  the  number  52  is  29  and  the  cubed  num- 
ber is  In  the  right-hand  third  of  the  K  scale. 

3  x  No.  of  digits  =  3x2 

=  6  • 


Therefore, 


(52)3  =  141,000 


Positive  Numbers  Less  Than  One 

If  positive  numbers  less  than  one  are.  to  be 
cubed,  count  the  zeros  between  the  decimal 
point  and  the  first  nonzero' digit.  Consider  the 
count  negative.  Then  the  number  of  zeros  be- 
tween the. decimal  point  and  the  first  significant 
digit  of  the  cubed  number  may  be  found  as 
follows: 

1.  Left  third  of  K  scale:  Multiply  the  zeros 
counted  by  3  and  Subtract  2. 

^Middle  third  of  K  scale:  Multiply  the 
zeros  cbunted  by  3  and  subtract  !. 

3.  Right  third  of  K  scale:  Multiply  the  zeros 
counted  by  3.  ^ 
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EXAMPLE:  Cube  0.034 

SOLUTION:  Digit  sequence  =  393 

Zero  count  of  0.034  =  -1,  and  393  Is  in  the  mid- 
dle third  of  the  K  scale. 

3  x  (No.  of  zeros)-!  =  (3  x  -D-1  =  -4 


Therefore, 


-(0.0^4)3  ='0,0000393 


Practice  problems.  Cube  the  following  num- 
bers using  the  slide  rule. 


1.  21 


2.  0.7 


Answers: 

1.  9260 

2.  0.342 

Cube  Roots 


3.  0:0128 


3.  0.0000021 

4.  66,000,000 


4.  404 


Taking  the  cube  root  of  a  number  on  the 
slide  rule  is  the  Inverse  process  of  cubing  a 
number.  To  take  the  cube  root  of  a  number, 
find  the  number  on  the  K  scale,  set  the  hairline 
over*  it,  and  read  the  cube  root  on  the  D  scale 
under  the  hairline. 

POSITIONING  NUMBERS  ON  THE  K  SCALE .  - 
Since  a  given  number  can,  be  located  in  three 
positions  on  the  K  scale,  the  question  arises  as 
to  which  third  of  "the  K  scale  to  use  when  you 
locate  a  number.  Generally,  the  left  index,  the 
left  middle  index,  the  right  middle  index,  and 
the  right  index  are  considered  to  be  numbered 
as  shown  In  figure  9. 


1 1 

1.000 


10 

10,000 


IOO 

100,000 


1,000 
1,000,000 


Figure  9.  —  Powers  of  10  associated  with 
K-scale  indices. 

A  system  similar  to  that  used  with  square 
roots  may  be  used  to  locate  \he  position  of  a. 
number  on  the  K  scale/   Groups  of  three  are 
used  rather  than*groups  of  two.   The  grouping 
for  cube  root  is  illustrated  as  follows: 


IPS 


1.  *'40,531.6% 
v'40^531.6 

2.  \4,561.43 
v4'56M3 

3.  %0.000043 
nO.000'043 

For  whole*  or  mixed  numbers,  the  following 
rules  apply: 

1.  H  the  left-hand  group  contains  one  digit, 
locate  the  number* in  the  left  third  of  the  K  scale. 

2.  K  the  left  group  contains  two  digits,  lo- 
cate the  number  in  the  middle  third  of  the  K 
scale. 

3.  If  the  left  group  contains  three  digits, 
locate  the  number  in  the  right  third  of  the  K 

scale. 

The  following  examples  illustrate  the  fore- 
going rules: 

1.  n4'561.43 

(One  digit)  -  left  third  of  K  scale. 

2.  t  40f531.6 

(Two  digits)-  middle  third  of  K  scale. 

3.  %453!361 

(Three  digits)— right  third  of  K  scale. 

For  positive  numbers  less  than  one,  look 
from  left  to  right  and  find  the  first  group  that 
contains  a  digit  other  than  zero. 

1.  B  the  first  two  figures  in  this  group  are 
zeros,  locate  the  number  in  the  left  third  of  the 
K  scale. 

2.  If  only  the  first  figure  in  this  group  is 
zero,  locate  the  number  in  the  middle  third  of 
the  K  scale.  ♦ 

3.  If  the  first  figure  of- the  group  is  not  zero, 
locate  the  number  in  the  right  third  of  the.  K 
scale. 

The   following  examples   illustrate  these 
rules: 

1.  v0.000,004l53 

(Two  zeros)-  left  third  of  K  scale. 

2.  3%r0^007050743 

(One  zero)-  middle  third  of  K  scale. 


,3.  >/0. 000*000^430 
%  (No  zero)-  right  third  of  K  scale. 

PLACING  THE  DECIMAI^  POINT. -To  place 
the  decimal  point  in.  the  cube  root  of  a  number, 
we  use  the  system  of  marking  off  in  groups  of 
three  as  shown  above. 

For  whole  or  mixed  numbers,  there  is  one 
digit  in  the  root  to  the  left  of  the  decimal  point 
'for  every  group  marked  in  the  original  number. 
\__Jhus,  ^     .  ,* 

^4'531.6  ^ 

(Two  digits  in  root  to  left  of  decimal!  point.) 

For  positive  numbers  less  than  one;  there 
will  be  one  zero  in  the  root  between  the  decimal 
point  and  the  first  significant  digit  for  every 
three  zeros  counted  between  the  decimal  point 
and  the  first  significant  digit  of  the  original 
number.  Thus, 

%T0.000'000'004  * 

(Two  zeros  between  decimal  point  and  first '-sig- 
nificant digit  of  root.) 

EXAMPLE:  1 216000.4 

^216,000.4 
(Three  digits  In  left  group) 

Place  the  hairline  over  216  In  the  Tight  third  of 
the  K  scale.  Read  the  digit  sequence,  6,  under 
the  hairline  on  the  D  scale.  Since  there  are 
two  groups  in  the  original  number,  there  are 
two  digits  to  the  left  of  the  decimal  point  in  the 
root.  Thus, 

V216000.4  =  60 

EXAMPLE:      .  ^/0.0000451  ^ 
^/0.000,045,1 

(Only  first  figure  is  zero  in  this  group) 

Place  the  hairline  over  451  In  the"mi'ddle  third 
of  the  K  scale.  Reaj  the  digit  sequence,  357, 
under  the  hairline  on  the  O  scale.  Since  there 
is  one  group  of  three  zeros,  there  is  one  zero 
between  the  decimal  point  and  the  first  signifi- 
cant digit  of  the  rooK,  Thus,  , 

VO, 0000451  =  0.0357' 


POWERS  OF  10. -To  take  the  cube  root  of  a 
power  of  10,  mark  it  off  as  explained  in  the 
preceding  paragraphs.  The  number  in  the  left 
group  will  then  be  1,  10,  or  l6o.  We  know  that 
the  cube  root  of  10  is  a  number  between  2  and 
3.  Thus,  for  the  cube  root  of  liny  number  whose 
left  group  is  10,  use  the  K/rcale  index  which 
lies  between  2  and  3  on  the  p  scale.  The  cube 
root  of  ,100  lies  between  4  LAd  5.  Therefore, 
for  a  number  whose. left  grovplis  100,  use  the  K 
scale  index  between  4  and  5  onlthe  D  scale. 

Practice  problenfls.  FoJuoWing  are  -  some 
problems  and  the  digit  sequence  (d.  s.)  of  the 
roots.   Locate  the  decimal  poi^t  for  each  root. 

1.  ^0.000023  " 

2.  tosi 

3.  s/127 


4.  \/204,000 

5.  s'734,000,000  - 

6.  v'47913 
Answers: 

1.  0.02844 

2.  0.371 

3.  5.026 

4.  58.9 

5.  902 

6.  17 


d.  s.  589 
d.  s.'  902 
d.  s.  17 
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.  WORKING  WITH  NUMBERS 


COMPLEX  NUMBERS 

In  certain  calculations  In  mathematics  and 
related  sciences,  it  is  necessary  to  perform 
operations  with  numbers  unlike  any  mentioned 
thus  far  in  this  pamphlet.  These  numbers,  unfor- 
tunately called  4<i^iagtnary,,  numbers  by  early 
mathematicians,  are  quite  useful  and  have  a 
very  real  meaning  in  the  physical  sense.  The . 
ftumber  system,  which  consists  of  ordinary  num- 
ber? and  imaginary  numbers,  Is  called  the 
COMPLEX  NUMBER  system.  Complex  num- 
bers are  composed  of  a  "real"  part  and  an 
"imaginary"  part, 

REAL  NUMBERS 

The  concept  of  number,  as  has  been  noted 
previously,  has  developed  gradually.  At  one  time 
the  idea  of  number  was  limited  to  positive 
.whole  numbers. 

The  concept  was  broadened  to  include  posi- 
tive fractions,  numbers  that  lie  between  the 
whole  numbers.  At  first,  fractions  included 
only  those  numbers  which  could  be  expressed 
with  terms  that  were  integers.  Since  any  frac 
tion  may.  be  considered  as  a  ratio,  this  gave 
rise  to  the  term  RATIONAL  NUMBER,  which 
is  coined  as  any  number  which  can  be  ex- 
pressed as  the  ratio  of  two  integers,  (Remem- 
ber that  any  whole  number  is  an  integer.) 

It  soon  became  apparent  that  these  numbers 
were  .not  enough  to  complete  the  positive  num- 
ber range.  The  ratio,  n,  of  the  circumference 
of  a  circle  to  its  diameter,  did  not  fit  -the  con- 
cept of  number  thus  far  advanced,  nor  did  such 


numbers  as  ^2  and  'JT.  Although  decimal 
values  are  often  assigned  to  these  numbers, 
they  are  only  approximations.  That  is,  n  is  not 
exactly  equal  to  22/7  or  to  3,142.  Such  num- 
bers are  called  IRRATIONAL  to  distinguish 
them  from  the  other  numbers  of  the  system. 
With  ratienai^nd  irrational  numbers,  the  posi- 
tive number  system  includes  all  the  numbers 
from  zero  to  infinity  in  a  positive  direction. 

Since  the  number  system  was  not  complete 
with  only  positive  numbers,  the  system  was  ex- 
panded to  include  negative  numbers.  The  idea 
of  negative  rational  and  irrational  numbers  to 
minus  infinity  was  an  easy  extension  of  the 
system. 

Rational  and  irrational  numbers,  positive 
and  negative  to  ±  infinity  as  they  have  been 
presented  in  this  pamphlet,  Comprise  the  REAL 
NUMBER  system.  The  real  number  system  is 
pictured  in  figure  10.  / 

OPERATORS 

As  shown  in  a  preyipus  section,  the  plus 
sign  in  an  expression  such  as  5  +  3  can  .stand 
-for.  either  of  two  separate  things:  It  indicates 
the  positive  number  3,  ot  it  indicates  that  +3 
is  to  be  added  to  5;  that  is,  it  indicates  the  op- 
eration to  be  performed  on  +3, 

Likewise,  in  the  problem  5-3,  the  minus 
sign  may  indicate  the  negative  number  -3,  in 
which  case  the  operation  would  be  addition;  that 
is,  5  +  (-3),  On  the  other  hand,  it  may  indicate 
the  sign  of  operation,  in  which  case  +3  is  to  be 
subtracted  from  5;  that  is,  5  -  (+3). 

Thus,  plus  and  minus  sighs  may  indicate 
positive  and  negative  numbers,  or  they  may  in- 
dicate operations  to  be  performed. 


-CO- 


-I 


"IT 


+1 


+2 


+3 


+4 


Figure  10.  —The  real  number  system. 
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IMAGINARY  NUMBERS 

The  number  line  pictured  in  figure  10  rep- 
resents all^positive  and  negative  numbers  from 
plus  infinity  to  minus  infinity.  However,  there 
is  a  type  of  number  which  does  not  fit  into  the 
picture.  Such  a  number  occurs  when  we  try  to 
solve  the  following  equation: 


x2  +  4  =  0 


-4 


x  =*  ± 


^4 


Notice  the  distinction  between  this  use  of  the 
radical  sign  and  the  manner  in  which  it  was 
used  in  section  3.  Here,  the  ±  symbol  is  in- 
cluded with  the  radical  sign  to  emphasize  the 
fact  that  two  values  of  x  exist.  Although  both 
roots  exist,  only  the  positive  one  is  usually 
given.  This  is  in  accordance  with  usual  mathe- 
matical convention. 

The  equation 


x  =  ± 


raises  an  interesting  question: 

What  number  multiplied  by  itself  yields  -4  ? 
The  square  of  -2  is  +4.  Likewise,  the  square 
of  +2  is  +4.  There  is  no  number  in  the  system 
of  real  numbers  that  is  the  square  root  of  a 
negative  number.  The  square  root  of  a  nega- 
tive number  came  to  be  called  an  IMAGINARY 
NUMBER.  When  this  name  was  assigned  the 
square  roots  of  negative  numbers,,  it  was  natu- 
ral to  refer  to  the  other  known  numbers  as  the 
REAL  numbers. 

IMAGINARY  UNIT 

To  reduce  the  problem  of  imaginary  num- 
bers to  its  simplest  terms,  we  proceed  as  far 
as  possible  using.ordinary  numbers  in  the  so- 
lution. Thus,  we  may  write  */"^Tas  a  product 


Likewise, 


Also,  , 


n  ±2 


3  *Hl  =  3  nTT  \HP 


Thus,  the  problem  of  giving  meaning  to  the 
square  root  of  any  negative  number  reduces  to 
that  of  finding  a  meaning  for  >TT. 

The  square  root  of  minus  1  is  designated  i 
by  mathematicians.  When  it  appears  with  a  co- 
efficient, the  symbol  i  is  written  last  unless 
the  coefficient  is  in  radical  form.  This  con- 
vention is  illustrated  in  the  following  examples: 

^±2  ^  =  ±2i 
VTnTTT  =  i  «/T 
3  VTnPT  =  3i  VT 

The  symbol  i  stands  for  the  imaginary  unit 
^1.  An  imaginary  number  is  any  real  multi- 
ple, positive  or  negative,  of  i.  For  example, 
-7i,  +7i,  i  •/IS,  and  bi  are  all  imaginary  num- 
bers. 

In  electrical  formulas  thex  letter  i  denotes 
current.  To  avoid  confusion,  electronic  techni- 
cians use  the  letter  j  to  indicate  ^/^T  and  call  it 
"operator  j."  The  name  "imaginary"  should  be 
thought  of  as  a  technical  mathematical  term  of 
convenience.  Such  numbers  have  a  very  real 
purpose  in  the  physical  sense.  Also  it  can  be 
shown  that  ordinary  mathematical  operations 
such  as  addition,  multiplication,  and  so  forth, 
may  be  performed  in  exactly  the  same  way  as 
for  the  so-called  real  numbers. 

Practice  problems. Express  each  of  the 
following  as  some  real  number  times  i: 


1.  nT^T? 

2.  2  nT5 

Answers: 

1.  41 

2.  2i 


3.  N^5" 

4.  d^/TF 


3.  i  */r 

4.  di 


5.  ^^25 

6.  l/X 


5.  Si 


Powers  of  the  Imaginary  Unit 

The  following  examples  illustrate  the  re- 
sults of  raising  the  imaginary  unit  to  various 
'Wers: 


i  ■ 

i2  »        vTT,  or  -1 
li,  or  -i 
-!■-!=  +1 


i2i 
iV 


>-  4 


i 

T2 


i 


=  -i 
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We  see  from  these  examples  that  an  even 
power  of  i  is  a  real  number  equal  to +1  or-1. 
Every  odd  power  of  1  Is  imaginary  and  equal  to 
i  or.  -i. .  Thus,  all  powers  of  1  reduce  to  one  of 
the  following  four  quantities:  V  -i  ,  *i  ,  •  V  -i, 
or  +1. 

FUNDAMENTALS  OF  ALGEBRA 

The  numbers  and  operating  rules  of  arith- 
metic form  a  part  of  a  very  important  branch 
of  mathematics  calle^jALGEBRA. 

Algebra  extends  tne  concepts  of  arithmetic 
so  that  it  is  possible  generalize  the  rules  for 
operating  with  numbers  and  use  these  rules  in 
manipulating  symbols  other  than  numbers.  It 
does  not  involve  an  abrupt  change  into  a  dis- 
tinctly new  field,  but  rather  provides  a  smooth 
transition  into  many  branches  of  mathematics 
with  a  continuation  of  knowledge  already  gained 
in  basic  arithmetic. 

The  idea  of  expressing  quantities  in  a  gen- 
eral way,  rather  than  in  the  specific  terms  of 
arithmetic,  is  fairly  common.  A  typical  exam- 
ple is  the  formula  for  the  perimeter  of  a  rec- 
tangle, P  =  2L  +  2W,  in  which  the  letter*  P  rep- 
resents perimeter,  L  represents  length,  and  W 
represents  width.  It  should  be  understood  that 
2L  =?  2(L)  and  2W  =«  2(W).  If  the  L  and  the  W 
were  numbers,  parentheses  or  some  other  mul- 
tiplication sign  would  be  necessary,  but  JJxe^^ 
meaning  of  a  term  such  as  2L  is  clear  without 
additional  signs  or  symbols. 

All  formulas  a^e  algebraic  expressions,  al- 
though they  are  not  always  Identified  as  such. 
The  letters  used  in  algebraic  expressions  are 
often  referred  to  as  LITERAL  NUMBERS  (lit- 
eral Implies  "letteral")* 

Another  typical  use  of  literal  numbers  Is  In 
the  statement  of  mathematical  laws  of  operation. 
For  exampld^the  commutative,  associative,  and 
distributive  laws,  may  be ,  stated  In  general 
terms  by  the  use  of  algebraic  symbols. 

COMMUTATIVE  LAWS 

The  commutative  laws  refer^to  those  sit- 
uations In  which  the  factors  and  terms  of  an 
expression  are  reaijranged  In  a  different  order. 


for  addition  Is  as  follows: 

a  +  b  +  caa  +  c  +  b=*c  +  b  +  a 

In  words,  this  law  states  that  the  sum  of  two  or 
more  addends  Is  the  same  regardless  of  the 
order  In  which  the  addends  are  arranged. 

In  the  algebraic  example,  a,  b,  and  c  re- 
present any  numbers  we  choose,  thus  giving  a 
broad  inclusive  example  of  the  rule.  (Note  that 
once  a  value  Is  selectee}  for  a  literal  number, 
that  value  remains  the  same  wherever  the  let- 
ter appears  In  that  particular  example  or  pro- 
blem. Thus,  If  we  give  a  the  value  of  i2,  In 
the  example  just  given,  a's  value  Is  12  wher- 
ever It  appears.) 


MULTIPLICATION 

The  algebraic  form  of  the  commutative  law 
for  multiplication  Is  as  follows: 

abc  =  acb  ■  cba 

In  words,  this  law  states  that  the  product  of 
two  or  more  factors  l^  the  same  regardless  of 
the  order  In  which  the  factors  are  arranged. 

ASSOCIATIVE  LAWS 


The  associative  laws  of  addition  and  multi- 
plication refer  to  the  grouping  (association)  of 
terms  and  factors  in  a  mathematical  expression. 


ADDITION 


ADDITION 

The  algebraic  form  of  the  associative  law 
for  addition  is  as  follows: 

a  +  b  +  c-(a+b)  +  c*a  +  (b  +  c) 

In  words,  this  law  states  that  the  sum  of  three 
or  more  addends  is  the  same  regardless  pf  the 
manner  in  which  the  addends  are  grouped. 

MULTIPLICATION 

The  algebraic  form  of  the  associative  law 
for  multiplication  Is  as  follows: 


The  algebraic  form  of  the  commutative  law 


.  ja  •  b) 


c  ■  a  •  (b  •  c) 
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In  words,  this  law  states  that  the  product  of 
three  of  more  factors  is  the  same  regardless 
of  the  manner  in  which  the  factqrs  are  grouped. 

DISTRIBUTIVE  LAW  ' 

The  distributive  law  refers  to  the  distribu- 
tion of  factors  among  the  terms  of  an  additive 
expression.  The  aigebraic  form  of  this  law  is 
as  follows: 

a(b  +  c  +  d)  =  ab  +  ac  +  ad 

In  words,  this  law  may  be  stated  as  follows:  If  i 
the  sum  of  two  or  more  quantities  is  multiplied 
by -a  third  quantity,  the  product  is  found  by  ap- 
plying the  multiplier  to  each  of  the  original 
quantities  separately  and  summing  the  result- 
ing expressions. 

ALGEBRAIC  SUMS  * 

,  The  word  "sum*:  has  been  used  several  times 
in  this  discussion,  and  it  is  important  to  realize 
the  full  implication  where  algebra  is  concerned. 
Since  a  literal  number  may  represent  either  a 
positive  or  a  negative  quantity,  *  sum  of  sev- 
eral literal  numbers  is  always  understood  to  be 
an  ALGEBRAIC  SUM.  That  is,  it  is  the  sum 
that  results  when  the  algebraic  signs  of  all  the 
addends  are  taken  into  consideration. 

The  following  problems  illustrate. the  proce- 
dure for  finding  an  algebraic  sum: 

Let  a  =  3,  b  = -2,  and  c  =  4. 

Then  a  +  b  +  c  =  (3)/{-2)^> 

=  5 

Also,  a-b-c=a+  (-b)  +  (-c) 
=  3  +  (+2)  +  (-4) 
=  1 


The  second  problem  show^  that  every  expres- 
sion containing  two  or  more  terms  to  be  com- 
bined by  addition  find  subtraction  may  be  re- 
^^wiritten  as  an  algebraic  sum,  all, negative  signs 
^fcing  considered  na  belonging  to  specific  terms 
and  all  operational  signs  being  positive. 

It  should  be  noted,  in  relation  to  this  subject, 
that  the  law?  of  signs  for  algebra  are  the  same 
as  those  for  arithmetic. 

ALGEBRAIC  EXPRESSIONS 

An  algebraic  expression  is  made  up  of  the 
signs  and  symbols  of  algebra.  These  symbols 


include  the  Arabic  numerals,  literal  numbers, 
the  signs  of  operation,  and  so  forth.  Such  an 
expression  represents  one  number  or  one  quan- 
tity. Thus,  just  as  the  sum  of  4  and  2  is  one 
quantity,  that  is,  6,  the  sum  of  c  and  d  is  one 

quantity,  that  is,  c  +  d.  Likewise  p  sTb,  ab, 
a  -  b,  and  so  forth,  are  algebraic  expres- 
sions each  of  which  represents  one  quantity  or 
number. 

Longer  expressions  may  be  formed  by  com- 
binations of  the  various  signs  of  operation"  and 
the  other  algebraic  symbols;  but  no  matter  how 
complex  such  expressions  are^they  still  repre- 
sent one  number.  Thus,  the  algebraic  expres- 
sion-^— 2*  *  b  -c  is  one  number. 

The  arithmetic  value  of  any  algebraic  ex- 
pression depends  on  the  values  assigned  to  the 
literal  numbers.  For  example,  in  the  expres- 
sion 2x2  -  3ay,  if  x  =  -3,  a  =  5,  and  y  =  1,  then 
we  have  the  following: 

2x2  -  3ay  =  2(-3)2  -3(5)(1) 

=  2(9)  -  15  =  18  -  15  =  3 

Notice  that  the  exponent  is  an  expression 
such  as  2x2  applies  only  to  the  x.  If  it  is  de- 
sired to  indicate  the  square  of  2x,  rather  than 
2  times  the^  square  ofx,  then  parentheses  are 
used  and  the  expression  becomes  (2x)2. 

Practice  problems.  Evaluate  the  following 
aleebraic  expressions  when  a  =  4,  b  =  2.,  c  =  3, 
x  ■  7,  and  y  ■  5.  Remember  that  the  order  of 
operation  is  multiplication,  division,  addition,  and 
subtraction. 


1.  3x  +  7y  -  c 

2.  xy  -  4a2 


Answers: 


o  ax 


4.  c 


ay2 


3.  19 

4.  53 


TERMS  AND  COEFFICIENTS 


The  terms  of  an  algebraic  expression  are 
the  parts  of  the  expression  that  are  connected 
by  plus  and  minus  signs.  In  trie  expression 
3abx  +  cy  -  k,  for  example,  3abx,  cy,  and  k  are 
the  terms  of  the  expression. 
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An  expression  containing  only  one  term,  such 
as  3ab,is  called  a  monomial  (mono  means  one). 
\  binomial  contains  two  terms;  for  example, 
2r  *  by.  A  trinomial  consists  of  three  terms. 
Any  expression  containing  two  or  more  terms 
may  also  be  called  by  the  general  name,  poly- 
nomial (poly  means  many).  Usually  special 
names  are  not  given  to  polynomials  of  jpore  than 
three  terms.  The  expression  x  -  3x  ♦  7x  ♦  1 
is  a  polynomial  of  four  terms.  The  trinomial 
x  2  -  2x  +  1  is  an  example  of  a  polynomial  which 
has  a  special  name. 

Practice  problems.  Identify  each  of  the  fol- 
lowing expressions  as  a  monomial,  binomial, 
trinomial,  or  polynomial.  (Some  expressions 
may  have  two  names.) 


1.  x 

2.  3y  +  a  +  b 

'  Answers: 
1.  Monomial 

3.  Monomial 


5.  Binomial 

(also  polynomial) 


3.  abx 

4.  4  +  2b  +  y  +  z 


5.  3y2  +  4 


2.  Trinomial 

(also  polynomial) 

4.  Polynomial 

6.  Binomial 

(also  polynomial) 


In  general,  a  COEFFICIENT  of  a  term  is 
any  factor  or  group  of  factors  of  a  term  by 
which  the  remainder  of  the  term  is  to  be  multi- 
plied. Thus  in  the  term  2axy,  2ax  is  the  coeffi- 
cient of  y,  2a  is  the  coefficient  of  xy,  and  2  is 
the  coefficient  of  axy.  The  word  "coefficient" 
is  usually  used  in  reference  to  that  factor  which 
is  expressed  in  Arabic  numerals.  This  factor 
is  sometimes  called  the  NUMERICAL  COEF- 
FICIENT. The  numerical  coefficient  is  cus- 
tomarily written  as  the  first  factor  of  the  term. 
In  4x,  4  is  the  numerical  coefficient,  or  simply 
the  coefficient,  of  x.  Likewise,  in  24xy2,  24  is 
the  coefficient  of  xy2  and  in  16(a  +  b),  16  is  the 
coefficient  of  (a  +  b).  When  no  numerical  coef- 
ficient is  written  it  is  understood  to  be  1:  Thus 
in  the  term  xy,  the'coefficient  is  1. 

COMBINING  TERMS 

When  arithmetic  numbers  are  connected  by 
plus  and  minus  signs,  they  can  always  be  corn- 
biped  into  one  number.  Thus, 


Here  three  numbers  are  added  algebraically 
(with  due  regard  for  sign)  to  give  one  number. 
The  terms  have  been  combined  into  one  term. 

Terms  containing  literal  numbers  can  be 
combined  only  if  their  literal  parts  are  the 
same.  Terms  containing  literal  factors  in 
which  the  same  letters  are  raised  to  the  same 
power  are  called  like  terms.  For  example,  3y 
and  2y  are  like  terms  since  the  literal  parts 
are  the  same.  Like  terms  are  added  by  adding 
the  coefficients  of  the  like  parts.  Thus,  3y  +  2y 
=  5y  just  as  3  bolts  +  2  bolts  =  5  bolts.  Also 
3a2b  and  a2b  are  like;  3a2b  +  a2b  =  4a2b  and 
3a2  b  -  a2b  =  2a2 b.  The  numbers  ay  and  by  are 
like  terms  with  respect  to  y.  Their  sum  could 
be  indicated  in  two  ways:  ay  +  by  or  (a  +  b)y. 
The  latter  may  be  explained  by  comparing  the 
terms  to  denominate  numbers.  For  instance, 
a  bolts  +  b  bolts  =  (a  +  b)  bolts. 

Like  terms  are  added  or  subtracted  by  add- 
ing or  subtracting  the  numerical  coefficients 
and  placing  the  result  in  front  of  the  literal 
factor,  as  in  the  following  examples: 


5b2x 


7x2  -  5x2  =  (7  -  5)x2  =  2x2 

3ay2  -  8b2x  +  10ay2  =  -3b2x  +  7ay2 


Dissimilar  or  unlike  terms  in  an  algebraic 
expression  cannot  be  combined  when  numerical 
values  have  ^noL^been  assigned  to  the  literal 
factors...  For  example,  -5x2  +  3xy  -  8y2  con- 
tains three  dissimilar  terms.  This  expression 
cannot  be  further  simplified  by  combining  terms 
through  addition  or  subtraction.  The  expres- 
sion may  be  rearranged  as  x(3y  -  5x)  -  8y2  or 
y(3x  -  8y)  -  5x2,  but  such  a  rearrangement  is 
not  actually  a  simplification. 

Practice  problems.  Combine  like  terms  in 
the  following  expression: 


1. 

2a  +  4a 

4. 

2ay2  -  ay2 

2. 

y  +  y2  +  2y 

5. 

hx2  +  2bx2 

3. 

ay  _  ay 

6. 

2y  +  y2 

c  .  c 

Answers: 

1. 

6a 

4. 

ay2. 

2. 

y2  +  3y 

5. 

3bx2 

3. 

3^. 
c 

6. 

2y  +  y2 

57 
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NUMBER  SYSTEMS  FOR  COMPUTERS 

Now  consider  a  few  basic  definitions  that 
pertain  to  number  systems. 

1.  Unit  -  A  single  thing 

2.  Number  —  An  arbitrary  symbol  repre- 
senting an  amount  of  units. 

3.  Number  System  —  A  method  of  indicat- 
ing the  amount  of  units  counted. 

a.  All  modern  number  systems  include 
the  zero. 

b.  The  radix*  or  base,  of  a  number 
system  is  the  amount  of  characters  or , 
symbols  it  possesses*  including  the  zero. 

4.  Quantity  —  A  number  of  units  (implies 
both  a  unit  and  a  number), 

5.  Modulus  —  The  total  number  of  different 
numbers  or  stable  conditions  that  a 
counting  device  can  indicate.  (For  ex- 
ample, the  odometer  on  most  automo- 
biles has  a  modulus  of  100,000  since 
it  indicates  all  numbers  from  00,000  to 
99,999.  Thejnodulus  of  the  h£ur  hand  on 
most  watches  is  12,  and  that  of  the  min- 
ute hand  is  60.) 


POSITIONAL  NOTATION 

The  standard  shorthand  form  of  writing 
numbers  is  known  as  positional  notation.  As 
mentioned  before  concerning  this  subject,  the 
value  of  a  particular  digit  depends  not  only 
on  th3  digit  value,  but  also  on  the  position  of 
the  digit  within  the  number.  Consequently,  thS 
decimal  number  9751.68  is  the  standard  short- 
hand form  of  the  quantity  nine  .thousand  seven 
hundred  fifty-one  and  sixty-eight  hundredths. 
What  the  shorthand  form  really  states  is  best 
illustrated  by  an  example  as  follows: 


9^51.  68  =  (9  x  103)  +  (7  x  102)  +  (5  x  101)  + 

(ixio^  +  fexio'Vfsxio'"2). 


quantity  can  "be  expressed  in  the  positional 
notation  (standard  shorthand)  form  in  any  i>um~ 
bering^oystenu  The  general  form  is: 


Q  =  (dn  x  rn)  +  . . . .  +  (d2  x  r2)  +  (dj  x  r1)  + 

(dQ*T°)  +  (d^xr'1)  +  Q_2**"2)  + 

....  +(d.nxr"n) 

where:  Q  is  the  quantity  expressed  in  po- 
sitional notation  form;  r  is  the  base  or 
radix  of  the  number  system  raised  to  a 

power;  and  da  ,  d, ,  dt,  dv1  ,  d.a,  etc  

are  the  characters  of  the  radix. 


Note  that  the  radix  point  in  the  general 
.expression  (known  as  the  decimal  point  in  the 
decimal  system)  is  not  required  because  the 
exponent  goes  negative.  In  the  shorthand  form 
..the  radix  point  is  placed  between  the  df  x  r*  and 
d.,  x  r*1  values. 


THE  RADIX 


Every  number  system  has  a  radix,  or  base. 
When  the  radix  is  ten,  the  decimal  system  is 
indicated;  when  r  is  eight,  the  octal  system  is 
indicated;  and  when  r  is  two,  the  binary  system 
is  indicated.  The  division  between  integers  and 
fractions  is  recognized  by  the  position  of  the 
radix  point.  Additional  characteristics  of  the 
radix  are  as  follows: 

1.  The  radix  of  a  numbering  system  is  equal 
to  the  sum  of  the  different  characters  which  are 
necessary  to  indicate  all  the  various  magnitudes 
a  digit  may  represent.  For  example,  the  dec- 
imal system,  with  a  radix  ten,  has  ten  digits 
of  magnitudes  0  through  9. 

2.  The  value  of  the  radix  is  always  one  unit 
greater  than  the  largest  basic  character  being 
used.  This  is  because  the  radix  is  equal  to  the 
number  of  characters,  whereas  the  characters 
themselves  start  from  zero.  Thus,  the  octal* 
system  (discussed  later)  has  a  radix  of  eight 
and  uses  digits  0  through  7. 

3.  The  positional  notation  does  not,  in  itself, 
indicate  the  radix.  The  symbol  "312"  could 
represent  a  number  written  in  the  quartic  (base 
four),  octal,  or  decimal  system,  or  in  any 
system  having  a  radix  of  four  or  greater.  Binary 
numbers  are  usually  recognizable  from  their 
string  of  ones  and  zeros.  To  avoid  confusion, 
numbers  written  in  systems  other  than  the  deci- 
mal system  should  have  the  radix  noted  as  a 
subscript,  i.e., 

315.72, 

The   radix  subscript  is  always  written  as  a 
decimal  (base  ten)  number. 
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4.  Any  number  can  easily  be  multiplied  or 
divided  by  the  radix  of  its  number  system.  In 
decimal  notation,  to  multiply  a  numbef  by  ten, 
move  the  decimal  (radix)  point  one  digit  to  the 
right  of  its  former  position,  as  follows: 

34.564 
x  ten 
345.64 

The  following  statement  brings  out  a  fact  often 
overlooked.  The  radix  point  could  remain 
stationary  and  the  digits  could  move  a*  follows: 

034.564 
x  ten 
345.640 

This  is  reasonable  when  one  considers  that  the 
radix  is  fixed  and  the  number  represented  in 
that  radix  Is  changed. 

To  divide  a  number  by  ten,  move  the  decimal 
(radix)  point  one  digit  to  the  left  of  its  former 
position  or  move  the  digits  one  digit  space  to 
the  right  relative  to  the  radix  point  as  follows: 


34.564 
(ten) 


3.4564 


In  the  same  fashion,  a  binary  number  is  multi- 
plied by  two  when  the  binary  (radix)  point  is 
moved  to  the  right  one  position*  value  or  the 
number  is  shifted  to  the  left,as  follows: 

10101.01  x  (two)  ^101010.1 

COUNTING 

The  rules  for  counting  numbers  written  in 
a  system  of  positional  notation  are  the  same 
for  every  radix.  The  octal  system  is  used  in 
the  following  example  to  illustrate  these  rules. 

1.  Starting  -from  zero,  add  "one''  to  the 
lekst  significant  digit  until  all  basic  characters 
have  been  used: 

0,  1,  2,  3,  4,  5,  6,  7,   

2.  Since  seven  is  the  largest  character  in 
this  system,  a  larger  number  requires  two 
digits.  Start  the  series  of  two-digit  numbers 
with  zero  as  the  least  significant  digit  and  a 
"1"  to  l^ft  of  the  zero* 

 6,  7,  10,  11,  12,  13,  14,  15,  16,  17-,    .  . 


3.  Whenever  any  digit  reaches  its  maximum 
,    value  (seven,  in  this  case),  replace  it  with  zero 

-  and  add  "1"  to  its  next  more  significant  digit: 

...  16,    17,   20,  21,  .  .  .  26,  27,  30, 
Slf         66,  67,  70,  71 

4,  When  two  or  more  consecutive  digits 
reach  the  maximum  value,  replace  them  with 
zeros  and  add  "1"  to  the  next  more  significant 

>v  digit:- 

...  76,  77,  100,  101,  .  .      176,  177, 
200,  .*  .  .  776,  777,  1000 

NOTE:  The  symbol  "10"  always  represents 
the  radix  in  its  own  system.  This  is  thje 
because  the  radix  is  one  unit  larger  than  the 
largest  character,  and  by  the  rules. of  counting, 
this  value  Is,  written  as  "10." 
For  example:" 

Binary  "10"  =  two  (the  radix  of  the  binary 
\  system) 

Octal  "10"  =  eight  (the  radix  of  the  octal 
system) 

Decimal  "10"  =  ten  (the  radix  of  the  decimal 
system) 


Binary  System 

The  simplest  possible  number  system  is 
based  on  powers  of  two  and  is  known  as  the 
binary  system.  Thid  system,  keyed  to  the  deci- 
mal and  octal  systems,  is  used  in  the  majority 
of  modern  computers  and  in  all  digital  devices. 
By  applying  the  rules  of  counting,  an  example 
of  binary  and  octal  counting  evolves,  as  shown 
in  Table  10. 

By  a  convenient  coincidence,  the  two  binary 
,  conditions  (1  and  0)  can  be  easily  represented 
by  many  electrical/electronic  components  if  the  . 
1  binary  state  is  indicated  when  the  component 
is  conductive  and  the  0  state  is  indicated  when 
the  component  is  nonconductive.    The  reverse 
of  this  will  work  equally  as  well,  i.e.,  the  non- 
conducting state  of  a  component  can  be  used  to 
represent  a,l  binary  condition  and  a  conducting 
state  the  0  condition.  Both  procedures  are  used 
in  digital  computer  applications  and  frequently 
within  a  single  computer.    Numerous  devices 
are  used  to  provide  representation  of  binary 
conditions.  These  include^witches,  transistors, 
relays,  and  diodes:  < 
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Table  10.  —Counting 


Decimal 

Binary 

Octal 

SJ 

A 

u 

u 

•  1 

1 

1 
i 

1 

** 

4  in 

9 
6 

0 
0 

11 

0  • 

0 

4 

inn 

1UU 

A 
*t 

*         5  ' 

mi 

D 

ft 
\J 

1  m 

11U 

D 

7 

in 

7 

8 

1000 

.  10  - 

9 

1001 

11 

10 

1010 

12 

11 

if 

1011' 

13 

•  12 

,1100  . 

14 

IT 


The  quantity  represented  using  binary  char- 
acters (or  the  characters  in  any  numbering 
system)  cannot  be  determined  without  knowing 
the  positional  weighting  value  of  each  character 
(digit).  The  positional  value  of  binary  charac- 
ters from  20  (1)  to  2^  (512io,  Or  512  base  ten) 
are  Illustrated  in  Table  11. 

Consider  the  following  hypothetical  example. 
A  number  of  flip-flops  (multivibrators)  ar- 
ranged in  a  chain  to  form  a  "register"  can 
,  be  gated  by  incoming  pulses  to  some  or  all 
of  the  flip-flops  so  that  some  are  driven  to 
produce  a  SET  or  1  output  while  others  re- 
ceive no  input  pulse  and  produce  a  CLEAR  or 
0  output.  If  it  is  assumed  that  thexe  are  ten 
flip-flops  in  the  chain*  a  binary  condition  (number) 
represented  could  be  0000010101.  The  value 


and  it  is  now  known  that  the  flip-flop  chain  is 
storing-the  decimal  equivalent  of  21, 

The  values  of  the  other  binary  numbers  in 
Table  11  are  determined  in  the  same  manner. 

By  convention,  weighting  "values  are  always 
arranged  in  the  same  manner.  The  highest  one 

on  the  extreme  left  and  the  lowest  one  is 
on  the  extreme  right.  Thus,  the  position  coe- 
fficient begins  at  1  and  increases  from  right 
to  left. 

The  leftirfost  1  in  any  binary  number  (fig. 
11)  is  always  referred  to  aa  the  "most  sig- 
nificant digit.' 9  This  is  often  abbreviated  MSD. 
It  is  the  "most  significant"  because  it  is  multi- 
plied by  the  highest  valued  position  coefficient.  , 
The  "least  significant  digit,"  or  LSD,  is  always 
on  the  extreme  right.  It  may  be  a  1  or  a  0, 
and,  when  a  1,  it  has  the  lowest  weighting 
value  (1). 

The  terms  most  significant  digit  and  least 
significant  digit  have  the  same  meaning  in  any 
numbering  system.  -  The  MSD  of  the  decimal 
number  43,096  is  4,  while  the  LSD  is  6.  When 
43,096.  is  multiplied,  divided,  subtracted,  or 
added  to  another  number,  the  4,  being  in  the 
10,000  place,  will  produce  the  greatest  change 
in  the  answer/  Thus,  it  is  the  MSD.  The  6,-  , 
being  in  the  units  place,  will  produce  the  least 
change  in  the  answer.  It  is  the  least  significant 
digit.  In  most  practical  computation,  an  error 
in*  the  LSD  has  little  significant  effect.  An  . 
MSD  error,  however,""  can  result  in  an  incorrect 
answer  of  more  consequence. 

Binary  Coded  Decimal 

Each  of  the  binary  numbers  that  is  shown 
in  table  12  is  called  a  "binary- coded  decimal 


digit* 


or   Vcoded  digit."   One  can  see  that 


without  using  any  other  ,  binary  numbers,  it 
is  possible  to  represent  any  desired  quantity 
of  this  number  can  be  determined  by  ^in^iv^J17  means  °*  these  caded  diSits-  For  example, 
summing  'the  positional  values  as  indicated  by     ™^rdet  -to  repress  736,  we  simply  write 
l*s~  in  the  table.  By  this  pn>ceduref  the  top      ™  coded  dlgit  for  each  ^Im*,  and  then  we  place 

^'~4*  in  the  same  order  as  the  decimals. 


*s  in  the  table.  By  this 
number  ft*4he  table  yields: 


(1  x  24)  +  (1  x  22)  +  (1  x  2°)  =  21 

Thus, 

00000101012  =  2110, 


the  digit  in  the  same  order  as 
Thus,  We  arrive  at  0111001,10110. 

Binary  coded  decimal  digits  need  not  be 
'spaced  becaus.e  we  know  that  each  one  is  com- 
posed of  four  binary  digits.  For  easier  read- 
ing, however,  a  space  usually  will  be  placed 
between  each  coded  digit,  thus:  0111  0011  0110. 
Note  that  this  number/  is  not  pure  binary;  it 
is,  instead,  a  binary-coded  decimal  number. 
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Table  11.  -Positional  Weighting  Value. 


15V 


OV 


POSITION 
COEFFICIENT 


29    28   27    26    25    g4    23   22    gt  .  2Q 


512 

256 

S28 

64 

32 

16 

8 

4 

2 

1 

.  o 

0 

0 

0, 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

t 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

-0 

0' 

0 

.0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

QUANTITIES 
'IN  -H 
.BINARY 


MOST  SIGNIFICANT 
DIGIT  (MSD) 


LEAST  SIGNIFICANT 
DIGIT  (LSD)  * 


i 

0 

0 

i 

0 

i 

0 

J 

0 

0 

0 

0 

0 

J 

i 

0 

0 

0 

MOST  SIGNIFICANT 
DIGIT(MSD) 


LEAST  SIGNIFICANT 
DIGIT<LS0) 


Figure  11.  -Positional  Value. 
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Table  12.  —Binary- coded  decimal  digits. 


Decimal' 
Digit 
__ 

3  = 

Binary  - 
Decimal 

vUUCU 

Digit. 
0  0 

1 

0  0 

0      1  1 

2 

0       0  * 

3 

1  1 

■  4 

• 

0  '    1  - 

5  *  \ 

. 0  .1 

0  .1- 

u  ■   ?   1 

1  .  0  •  * 

7 

'  0'  1 

1  1 

8  " 

1  0 

0  0 

9 

1  0 

0  1 

Octal  System  «  /  * 

The  octal  system  has  eight  distinct  char- 
acters? hence  its  radix  is  eight.  The  octal 
system  is  quite  useful  as  an  accessory  to  the 
binary  system,  because  eight  is  an  integral 
power  of  two  (810  =  2^).  One  octal  digit  is 
always  equal  to  three  binary  and  vice  versa. 


Octal  to  Binary 

2  2  5 
010    ,010  101 


Binary  to  Octal 


010 

2  . 


010 
2 


101 
5 


By  breaking  a>binary  number  into  groups  of 
three  bits  (Binary  digiTs),  starting  from  the 
radix  point  and  working  outwards  to  the  left 
and  right,  the  binary  number  may  be  written 
in  a  manner  which  is  called  BINARY  CODED 
OCTAL  (BCO).  t  This  makes  the  confusing 
string  of  l's  and  0's  more  understandable  and 
facilitates  the  conversion  of  the  binary  number 


to  an  octal  number.  Such  numfcexS-^oulcL 
appear  with  the  subscript  BCn;  for  example, 


0100101012  becomes  010\)1?%'BCO  and  from 
there  to  225&r  The  binary  number  010110.0111 


becomes  010  110:011  IOObcq  and  26.34g. 

Arithmetic  operations  in  the  octal  system 
(or  any  numbering  -system)  use  the  same  basic 
procedures  as  does  "the  decimal  system.  That 
4s,  carry  and  borrow  quantities  (in  addition 
and  subtraction)  are  treated  identically;  a  multi- 
plicand is  multiplied  by  each  digit  of  the  multi- 
plier, etc.  However,  the  basic  rules  for  the 
addition  or  subtraction  of  one  digit  to  or  from 
another  digit,  or  the  multiplication  or  division 
of  one  digit  by  another,  are  different  for  each 
number,  system.  That  is,  two  digits  ad4ed  in 
one  system  will  give  an  answer;  the  same  two 
digits,  added  in  a  different  system  may  give  a 
"different"  answer.  (The  "different"  answers 
are  actually  equivalent  numbers.)  The  example 
below  shows  the  results  of  an  addition  apd  a 
multiplication  of  the  same  digits  in  three 
systems.  .  • 

(Note  2fhat  IIiq,  13s,  and  147  are  equivalent 
.  and^that  30iq,  368  and  427  are  equivalent,) 

Each  system  requires  its  own  addition  and 
multiplication  tables.  These  tables  may  be 
constructed  by  performing  the  required  op- 
eration In  the  decimal  system  and  converting 
tne  answer  to  its  equivalent.  For  example, 
the  addition  and  multiplication  tables  for  the 
octal  system  are  shown  in  Tables  13  and  14# 
respectively.  ' 

The  most* important  point  to  be  remembered 
when  performing  arithmetic  processes  in  any 
number  system  is  to  USE  ONLY  THE  CHAR- 
ACTERS (OR  SYMBOLS)  WHICH  EXIST  IN  THAT 
SYSTEM. 


J 


Base  10. 
(decimal) 

510  +  610  =  1110 


51Q  x  610  =  301Q 


Base  8 

(ocgtal) 

?8  +  68  =  138 
(1x8*  + 3.x  8°) 

5g  x  6g  =  36g 

(3  x  81  +  6  x  8°) 
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Base  7 
(heptal) 

57i67  =  14?     (1  x  71)  +  (4  x  7°) 


5?x  67  =  427*    (4  x  7  +  2  x7°) 
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Table  13,-Octal  Addition, 


0    !!  1 

=--"-  =  = 

"V 

ir 
ii 

H 


1 

2 
3 
4 

5- 
6 
7 


2 
3 
4 
5 
6 
7 

;:  ia 


2 

3 

4 

5  * 

6 

7 

3 

4 

5 

•6 

7 

10 

4 

5 

6 

7 

10 

11 

5  . 

6 

7 

io- 

11 

12 

"6 

7. 

10 

ii 

12 

13 

7  • 

10 

11 

12 

13 

14 

10 

11 

12 

13 

*14 

15 

11 

12 

9 

13 

14 

15 

16 

power  must  be  expressed  as  a-decimal  number 
to  obtain  the  decimal  quantity. 

Examples: 

Problem: '  For  what  quantity  does  the  bi- 
nary number  10101. 01  stand"? 

Solution: 

Quantity  =  (1  x  24)  +  (0  x  23)  +  (1  x  22)  + 

(6  x  21)  *  (1  x  2°)  +  (0  x  2"1)  +  • 
(1  x  2  Z) 

=  (lxl6)  +  0  +  (lx4)  +  0*+(lxl) 
+  0^+  (1  x  0.  25)  =  21.  251Q  1 


Table  14. -Octal  Multiplication. 


1 

2 
3 
4 
5 
6 
7 


1 


ii 

i: 
I, 
Ii 
II 

ir 

ii 
ii 
ii 
ii 
ii- 
ii 
ii 
ii 
ii 


2" 
4 
6 
10 
12 
14 
16 


3 
6 
11 
14 
17 
22 
25 


4 

10 
14 
20 
24 
30 
34 


5 
12 
17 
24 
31 
36 
43 


6 


6 
,14 
22 
30 
36 
44 
52 


7 

16 
25 
34 
43 
52 
61 


Problem:  For  what  quantity  does  the  oc- 
tal number  25.  2  stand? 


CONVERSION 

If  two  numbers  written  in  different  number- 
ing systems  represent  the  same  quantity,  these 
numbe/s"  are  equivalent  (the  represented  quan- 
tities are  equal  although  the  numbers  are  not 
necessarily  composed  of  the  same  characters). 
Any  change  which  retains  the  equivalence  of  the 
original  numbers  results  in*  a  new  set  of 
equivalent  numbers.  Therefore,  it  is  possible 
to  convert  numbers  from  one  numbering  system 
to  another  numbering  system,  that  is,  to  change " 
radices.  Prior  to  discussing  the  mechanics  of 
conversion,  the  following  point  is  stated. 

To  determine  the  decimal  qukntitative  mean- 
ing of  a  number  expressed  in  a  system  other 
than  the  decimal  system,  write  the  number  in 
a  power  series  summation,  multiplying  each 
digit  of  the  number  by  its  radix  raised  to  the 
indicated  positional  power.    The.  radix  and  the 


Quantity  =  (2  x  81)  +  (5  x  8°) 


Solution: 

(2  x  8"1) 

.  »  (2*  8) -+(5xl) +  (2x0*125) 
=  16  +  5  +  0.  25 
-21.2510 

Note  that  the  numbers  21.  251Q,  25.  2g, 
10101.  012  are  equivalent. 


and 


BINARY  -  DECIMAL 

One  of  the  simplest,  most  4irect,  and  most 
easily  remembered  methods  of  converting  from 
binary  to  decimal  and  vice  yersa  is  the  table 
method  illustrated  In  table  15.  ' v 

NOTE:  To  find  the  decimal  equivalent  of 
a  binary,  number  (10101.01  in  this  case)  by 
using  the  table  method,  insert  thetjinary  num- 
ber in  the  table,  observing  its  binary  positional 
value  and  using  the  radix  point  as  the  ref- 
erence. Then  total  the  decimal  values  which 
have  the  binary  character  "1"  below  them. 
(A  similar  procedure  was  discussed  earlier.) 


Example: 

*  « 

Problem:  Convert  binary  101001.010  to 
its  decimal  equivalent. 

Solution:    Plugging  the  binary  number 
into  the  table  and  summing 
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Table  15»-Binary  -  Decimal  Conversion^  DecimaLNumber  41.25* 


210  raised 
to  various 
powers 

~  Continue  / 
as  high 
as  needed 

25 

24 

23 

22 

21 

- 

2° 

2- Is" 

• 

2-2. 

Continue  Is 
low  as" 
needed  v' 

Equivalent 
exnresspd 
as  a  -  - 

- 

32 

16 

8" 

4 

2 

0.5 

0.25 

decimal 

Quantity 
expressed 
as  a 

1 

0 

1 

0 

0 

1 

0 

r 

decimal 

MSD 

*_3LSD 

ll^gfi 


the  decimal  values  result 
in: 


32.  00  (2°) 


8.  00- (2°) 
1.  00  (2°) 
0,25  (2"2) 
41.  25  m 


.  Therefore,  binary  101001.010  is  equivalent 
to  decimal  41.25.  The  procedure  to  find  the 
binary  equivalent  of  a  decimal  number  is  as 
follows: 

1.  Find  the  largest  whole  power  of  two  that 
miy  be  subtracted  from  the  decimal  number 
and  place  the  binary  character  "1"  -underneath 
the  decimal  value  of  this  .whole  power  of  two 
in  the  table. 
'  2.  Using  the  remainder,  if  any,  from  step  1, 

again  subtract  the  largest  whole  power  of  two. 

Place  'the  binary  character  "1"  underneath  the 

decimal  value  of  this  whole  *power'  of  two  in  the 

table, 

3.  Continue  until  the  remainder  is  zero. 
Under  every  decimal  value  which. _&>es  not 
have  the  binary  character  "V  place  the  binary 
character  "0." 

 4.  Rounding-og  of  fractions  is  necessary 

where  exact  conversions  into  binary  are  neither 
possible  nor  necessary.  % 


Radix  point 


Example: 

Problem:  Convert  decimal  41.25  to  its 
binary  equivalent. 
:   Solution:  Decimal  32  (25)  is  the  largest 
whole  power  of  two  (Step  (1). 
A  binary  character  "1"  'is 
'  •  placed   beneath   the  decimal 
value  32  (25)  in  the  table.  The 
*    remainder  (41.25  -  32)  is  $.25. 
Decimal  8  (23)  is  the  largest 
whole  power  of  two  which  fits 
into  9.25.  The  remainder  (9. 26 
 *    -  8)  is,  1.25.    A  binary  char- 
acter "1"  is  therefore  placed 
under. the  decimal  8  (23)  in  the 
table.    The*  process  continues 
until  the  remainder  is  zero  or 
rounding-off  is  indicated.  All 
squares  not  containing  the  bi- 
„nary  character  "1",  Are  m- 
,  signed  the  binary  character 

<tQ/> 

Therefore,  decimal  41.25  is  equivalent  to  binary  . 
101001.01. 

BINARY  -  OCTAL 

Since  one  octal  digit  is  always  equal  to 
three  'binary  digits  (810  »  2xg  as  previously 
stated),  conversion  from  binary  to  octal  or 
octal  to  binary  is  quite  simple.  Binary  to 
octal  conversion  is  accomplished  as  follows: 

1.  Beginning  at  the  binary  point,  mark  off 
the  binary  number  into  groups  of  three  digits 
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to  the  left  and  to  the  right  of  the  binary  pbint. 
Add  the  binary  character  "0"  where  needed  to 
.complete  a  group  of  three. 

2.  Replace  each  group  of  three  binary  char- 
acters  with  its  ocUl^eg^vjUenW  which  ts; 

000  =  0, 


8 

0Q1  =  ig. 
010  =  2 


011  =  3 

100  =  4 

101  =  5 
110  =  6 


111-' 7, 


8 


Example:  ' 

Problem:  Convert  binary  101001.01  to 

m  *    ~  Us  octat  equivalent.  * 
Solution: 


Binary  101 

001    j  . 

•  010 

'  Octal 

5 

"    i  !  . 

2 

Therefore,  binary  101001.010  is  equivalent 
to  octal  51.2.  ' 

OCTAL  -  BINARY 

Octal  to  binary  conversion  is  simply  the 
reverse  of  the  above  procedure.  For  each 
octal  digit,  write  the  corresponding  three  binary 
digits. 

Example: 

Problem:  Convert  octal  5U2  to  its  bi- 
nary equivalent. 

Solution: 


Octal 

.  5 

1 

2 

Binary 

101 

•  001 

010 

733 


Therefore,  octal  51.2  is  equivalent  to  binary 
101001.010. 

DECIMAL  kOCTAL 

Rather  than  memorize  rules  and  formulas, 
it  is  suggested  (as  a  learning  procedure)  that 
you  accomplish  conversion  from  octal  to  decimal 
or  decimal  to  octal  by  utilizing  the  binary 
system  as  an  intermediary.    The  following 
examples  point  out  how  this  is  accomplished. 

Example:  * 

Problem:  What  is  the  decimal  equivalent 
of  octal  51.2? 

Solution:  From  octal  to  binary  by  groups 
of  three; 


Octal 

5 

1 

2 

Binary 

101 

001 

*oi'o 

then  from  binary  to  decimal  by 
powers  of  two  table  and  sum- 
mation; 


Binary 

1 

0 

1 

0 

0 

1 

0 

1 

0 

Powers 
of  two 

25 

24 

23 

22 

2l 

2° 

2-1 

2-2 

2-3 

Decimal 
value 

32 

8 

1 

0.25 

.   .   

and  summation  of  decimal  val- 
ues; 32  +  8  +  1  +  0.25  «41.25. 

Therefore,  octaT  51.2  Is  equiyalent  ST  decimal 

41.25. 

Problem:  What  is  the  octal  equivalent 
of  decimal  653.21? 

Solution:  From  decimal  to  binary  by 
.    whole  powers  of  two  and  table; 


Powers 
of  two 

2» 

28 

.2*7 

2*6 

25 

24 

23 

22 

2l 

20 

2-1 

2-2 

2-3 

2-4  • 

Decimal 
value 

512 

256 

128 

64 

32 

16 

8 

4 

2 

1 

0.5 

•0.25 

0.125 

0.0625 

Binary 

.  1 

0 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

*  1 

65 
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653.21 

(-)  512.00  (Place  a  1  under  512) 

-  „  141*21  Remainder 

-  >* 

(••)  128.00  (Place  a  1  under  128) 

13.21  Remainder 

H      8.00  JPlacea  L-under  8) 
5.21  Remainder 

M      4.00  s  (Place  a  1  under  4)  " 
_  -1.21    Remainder        . v 

(-)      1.00   IHace.a  1  under  JK 
.#.210  Remainder  . 

(-)      0.125  (Place  a  1  under  0.125) 
-     0.6850  Remainder 


(-)  '  0.0625 


0.0225 


(Place  a  1  under  0.0625) 
Remainder 


(The  conversion  will  be  stopped  at  this 
point  for  this  example.)  The  binary  equivalent 
\  of  decimal  65^.21  is  jfyg0^??^(A% 

ioio^oiipi.ooii>v!v.  ^ 

which  is  now  converted  to  fft<AiX  by  g^ttpa.of 
.  three'Jstarting  at  thb;i^d%^^jQ>^|^  / 


Binary 

001 

010 

oor 

101 

001 

100 

Octal 

1 

2 

r 

5 

1 

4 

Therefore,  the  octal  equivalent  of  decimal  653.21 
is  1215.14.  With  practice,  all  of  the  above  steps 
can  be  done  mentally. 
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NUMERICAL  TBIGONOM  ETRY 


The  word  "trigonometry"  means  "measure- 
ment by  triangles."  As  it  is  presented  in  many 
textbooks,  trigonometry  includes  topics  other 
than  triangles  and  measurement.  However,  this 
section  is  intended  only  u  an  introduction  to 
the  numerical  aspects  of  trigonometry  as  they 
relate  to  measurement  bf  lengths  and  angles. 

SPECIAL  PROPERTIES  OF 
RIGHT  TRIANGLES 

A  RIGHT  TRIANGLE  has  been  defined  as 
an^triangle  containing  a  right  angle.  The  side 
opposite  the  right  angle  in  a  right  triangle  is  a 
HYPOTENUSEr.(See  fig.  12.)  In  figure  12/  side 
AC  is  the  hypotenuse. 


Figure  12,— A  right  triangle. 


An  important  property  of  all  right  triangles, 
which  relates  the  lengths  of  the  three  sides, 
was  discovered  by  the  Greek  philosopher 
Pythagoras. 

PYTHAGOREAN  THEOREM 

The  rule  of  Pythagoras*  or  PYTHAGOREAN 
THEOREM,  states  that  the  square  of  the  length 

'  of  the  hypotenuse  fax  any  right  triangle)  is  equal 
to  the  sum  of  the  squares  of  the  lengths  of  the 

*  other  two  sides.   For  example,  if  the  sides  are 


Figure  13.— The  Pythagorean  Theorem. 
(A),  General  triangle;  (B)  triangle  with  * 
sides  of  specific  lengths. 

labeled  as  in  figure  13  (A),  the  Pythagorean 
Theorem  is  stated  in  symbols  as  follows: 

x2  +  y2  =  r2 

An  example. -of  the  use  of  the  Pythagorean 
Theorem  in  a  problem  follows: 

EXAMPLE:  Find  the  length  of  the  hypotenuse 
In  the  triangle  shown  in  figure  13  (B). 

SOLUTION;        r2  *  32  +  42 
r  =  n/  9  +  16 
=  nTZS"  =  5 

EXAMPLE:  An  observer  on  a  ship  at  point  A, 
figure  14,  knows  that  his  distance  from  point 
C  is  1,200  yards  and  that  the  length  of  BC  is 
1,300  yards.  He  measures  angle  A  and  finds 
that  it  is  90°.  Calculate  the  distance  from  A 
to  B. 

SOLUTION:  By  the  rule  of  Pythagoras, 

(BC)2  =  .(AB)2  +  (AC)2 
(1,300)  2  =  (AB)2  +  (1,200)* 
(1,300)  2~-  (1,200) 2  =  (AB)2 

(13  x  102)2  -  (12  x  10V  =  (AB)2 
(169  x  104)  -  (144  x  10 4)  =  (AB)2 

25  x  104  =  (AB)2  • 
500  yd  =  AB 
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Figure  14.— Using^the  Pythagorean  Theorem. 

SIMILAR  RIGHT  TRIANGLES 

Two  right  triangles  are  SIMILAR  if  one  of 
the  acute  angles  of  the  first  is  equal  to  one  of 
the  acute  angles  of  the  second.  This  conclusion 
is  supported  by  the  following  reasons: 

1.  The  right  angle  in  Jhe  first  triangle  is 
equal  to  the  right  angle  in  the  second  sinc^all 
right  angles  are  equal.  c 

2.  The  sum  of  the  angles  of  any  triangle  is 
180°.  Therefore,  the  sum  of  the  two  acute 
angles  in  a  righTEfnDigle  is  90\ 

3.  Let  the  equal  acute  angles  in  the  two  tri- 
angles be  represented  by  A  and  A'  respectively. 
(See  fig.  15.)  Then  the  other  acute  angles,  B 
and  B%  are  as  follows: 


B  =  90c 
B'  =  90e 


A 
A' 


angle  "of  the  second  have  all  of  their  'corre- 
sponding angles  equal.  Thus  the  two  triangles 
are  similar. 

Practical  situations  frequently  occur  in  which 
similar  right  triangles  are  used  to  solve  prob- 
lems. For  example,  the  height  of  a  tree  can  be 
determined  by  comparing  the  length  of  its 
shadow  with  that  of  a  nearby  flagpole,  as  shown 
In  figure  16. 


TREE 


SHADOW 


FLAGPOLE 


SHAOOW 


Figure  16. -Calculation  of  height  by 
comparison  of  shadows. 

Assume  that  the  rays  of  the  sun  are  parallel 
and  that  the  tree  and  flagpole  both  form  90* 
angles  with  UTe  ground.  Then  triangles  ABC 
and  A'B'C  are  right  triangles,  and  angle  B  is 
equal  to  angle  B\  Therefore,  the  triangles  are 
similar  and  their  corresponding  sides  are  pro- 
portional, with  the  following  result: 


BC 
AC 

BC 


B'C 
A'C 

TAC)  x  (B'C) 
rX7C7 


Suppose  that  the  flagpole  is  known  to  bei  30 
feet  high,  the  shadow  of  the  tree  is  12  feet  fohg, 
and  the  shadow  of  the  flagpole  is  24  feet  l<(ng. 
Then  ^  ^ 


t 


BC 


12  x  30 
24 


15  feet 


Figure  15.— Similar  right  triangles. 

9 

4.  Since  angles  A  and  A'  are  equal,  angles 
B  and  B'  are  also  equal. 

5.  We  conclude  that  two  right  triangles  with 
one  acute  angle  of  the  first  equal  to  one  acute 


Practice  problems. 

1.  A  mast  at  .the  top  of  a  building  casts  a  shadow 
whose  tip  is  48  feet  from  the  base  of  the  build- 
ing. If  the  building  is  12  feethi'gh  and  its  shadow 
is  32  feet  long,  what  is  the  length  of  the  mast? 
(NOTE:  If  the  length  of  the  mast  is  x,  then  the 
height  of  the  mast  above  the  g^otmd  is  x  +  12.) 


;  68 


0 


144 


2.  Figure  17  represents  anL-shaped  build- 
ing with  dimensions  as  shown*  On  the  line  of 
sight  from  A  to  D,  a  stake  is  driven  at  C,  a 
point  8  feet  from  the  building  andho  feet  from 
A.  If  ABC  is  a  right  angle,  firtd  the  length  of 
AB  and  the  length  of  AD.  Notickthat  AE  is  18 
feet  and  ED  is  24  feet*  \^ 


Figure  17.— Using  similar  triangles ^ 
Answers: 
I.  6  feet 


TRIGONOMETRIC  RATH 


The  relationships  between  the  angles  and  the 
sides  of  a  right  triangle  are  expressed  in  terms 
of  TRIGONOMETRIC  RATIOS.  For  example,  in 
figure  18,  the  sides  of  the  triangle  are  named 
in  accordance  with  their  relationship  to  angle  0., 
In  trigonometry,  angles  are  usually  named  by 
means  of  Greek  letters.  The  Greek  name  of 
the  symbol  9  is  theta. 

The  six  trigonometric  ratios  for  the  angle  9 
are  lifted  in  table  16*  ,  * 

The.  ratios  are  defined  as  follows: 


1.  sin  9 


2.  cos  9 


3.  tan  9 


4,  cot  9  = 


side  opposite  9  _  ^ 

hypotenuse  =  r 

side  adjacent  to  g  ^  £ 

hypotenuse  "  r 

side  opposite  6  _ 
side  adjacent  to  9 ' =  x 

side  adjacent  to  9  _  x 

side  opposite  9  y 


\ 


SIDE  ADJACENT 
TO  ANCLE  8 
(A) 


Figure  18.  —Relationship  of  sides  and  angles 
in  a  right  triangle.  (A)  Barnes  of  the  sides; 
(B)  symbols  used  to  designate  the  sides* 

Table  16,— Trigonometric  ratios. 


Name  of  ratio 

Abbreviation 

sine  of  9 

sin.0 

cosine  of  9 

cos  9  * 

tangent  of  9 

tan  9 

cotangent  of  9 

cot  9 

secant  of  9 

sec  9 

cosecant  of  9  * 

esc  9 

5.  sec  9 


hypotenuse 
side  adjacent  to  9 


6.  esc  9  = 


hypotenu 


side  opposite  to  9 


x* 

.y 


The  other  acute  angle  in  figure  18  (B)  is 
labeled  a  (Greek  alpha).  The  side  opposite  a 
is  x,  and  the  side  adjacent  to  a  is  y.  Therefore, 
the*  six  ratios  for  a  are  as  follows: 


sin  a  =  7 


4.  cot  a  » * 


2.  cos  a 


5.  sec  a  = 


3.  tan  a  =  — 


6.  esc  a  = 


Suppose  that  the  sides  of  triangle  (B)  in  fig- 
ure 18  are  as  follows:  x  =  3,  y  =  4^  r  =  5. 
Then  each  of  the  ratios  for  angles  9  and  a  may 
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be  expressed  as  a  commpa-fraction  or  as  a 
decimal.  For  example, 

sin  9  =  J  =  0.800 

sin  a  =  -  =  0.600 
a 

Decimal  values  M&fe  been  computed  for 
ratios  of  angles  between  0°  and  90  °,  and  values 
for  angle's  above  90°  can  be  expressed  in  terms 
of  these  same  values  by  means  of  conversion 
formulas.  Appendix  II  of  this  training  pamphlet 
gives  the  sine,  cosine,,  and  tangent  of  angles 
from  0°  to  90 The  s£c&nt,  cosecant,  and 
cotangent  are  calculated,  when  needed,  by  using 
their  relationships  to  the  three  principal  ratios. 
These  relationships  are  as  follows: 


secant  9  - 


1 


cosecant  9  = 


cotangent 


cosine  9 
1 

sine  9 
1 

tangent  9 


TABLES 


Tables  of  decimal  values  for  the  trigono- 
metric ratios  may  be  constructed  in  a  variety 
of  ways.  Some  give  the  angles  in  degrees,  min- 
„  utesj  and  seconds;  others  in  degrees  and  tenths 
of  a  degree.  The  latter,  method  is  more  com- 
pact'and  is  the  method  used  for  appendix  II. 
The  'headings "  at  the  bottom  of  each  page  in 
appendix  II  provide  a  convenient  reference 
showing  the  minute  equivalents  for  the  decimal 
fractions  of  a  degree/  For  example,  12'  (12 
minutes)  is  the  equivalent  of  0.2°. 

Finding  the  Function  Value 

The  trigonometric  ratios  are.  sometimes 
called  FUNCTIONS,  because  the  value  of  the 
ratio  depends  upon  (is  a  function  of)  the  angle 
size.  Finding  the  function  value  in  appendix  II 
is  easily  accomplished.  For  example,  the  sine 
35°  is  found  by  looking  in  the  "sin"  row  oppo- 
site the  large  number  35,  which  is  located  in 
the  extreme  left-hand  column. 

Since  our  angle  in  this  example  is  exactly 
35°,  we  look  for  th£  decimal  value  of  the  sine 
in  the  column  with  the  0.0°  heading.  This  col- 
umn contains  decimal  values  for  functions  of 


theQangle  plus  0.0°;  in  our  example,  35°  plus 
0.0°,  or  simply,  34.0°.  Thus  we  find  that  the 
sine  of  35.0°  is  6.5736.  By  the  same  reasoning, 
the  sjne  of  42.7°  is  0.6782,  and  the  tangent  of 
32.3   is  0.6322. 

A  typical  problem  in  trigonometry  is  to  find 
.the  value  of  an  unknown  side  in  a  right  triangle 
when  only  .one  side  and  one  acute  angle  are 
known,,  EXAMPLE;  In  triangle  ABC  (fig.  19), 
find  the  length  of  AC  if  AB  is  13  units  long  and 
angle  CAB  is  34.7°. 


figure  19.— Using  the  trigonometric 
ratios  to  evaluate  the  sides. 


SOLUTION: 


AC 
13 


=  cos  34.7° 


AC  =  13  cos  34.7° 

=  13  x  0.8221  1 
=  10.69  (approx.)  ' 

TheSanglesof  a  triangle  are  frequently  stated 
in  decrees  and  minutes,  rather  than  degrees 
and  tenths.  For  example,  in  the  foregoing  prob- 
lem, the  jangle  might  have  been  stated  as  34°42'. 
When  the  stated  nymber  of  minutes  is  an  exact 
multiple  of  6  minutes,  the  minute  entries  at  the 
bottom  of  each  page'in  appendix  II  may  be  used. 

Finding  the  Angle. 

Problerris  are  frequently  encountered  in  which 
.two  sides  .are  known  in  a  right  triangle,  but 
neither  of  the  acute  angles  is  known.*  For  ex- 
ample, by  applying  the  Pythagorean  Theorem 
we  can  verify  that  the  triangle  in  figure  20  is  ' 
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Figure  20.— Using  trigonometric 
ratios  to  evaluate  angles. 


a  right  triangle.  The  only  information  given 
concerning  angle  0  is  the  ratio  of  sides  in  the 
triangle.  The  size  of  0  is>calculated  as  follows: 


tan  0  =  j|  =  0.4167 

^  =  the  angle  whose  tangent  is  0.4167 

Assuming  that  the  sides  and  angles  in  figure 
20  are  in  approximately  the  correct  propor- 
tions7  we  estimate  that  angle  £  is  about  20 3. 
The  table  entries  for  the  tangent  in  the  vicinity 
of  20*  are  slightly  too  small  since  we  need  a 
number  near  0.4167.  However,  the  tangent  of 
22*36*  is  0.4163,  and  the  tangent  of  22*42*  is 
0.4183.  Therefore,  9  is  between  22*36'  and 
22*42\  • 

*  ■ 
Interpolation  t  ^ 

It  is  frequently  necessary  to  estimate  the 
value  of  an  angle,  to  a  closer  approximation 
than  is  available  in  the  table.  This  is  equiva- 
lent to  estimating  between  table  entries,  and 
the  process  is  called  INTERPOLATION.  For 
example, in  the  foregoing  problem  it  was  deter- 
mined that  the  angle  value  was  between  22°  36* 
and  22*42 \  The  following  paragraphs  describe 
the  procedure  for  interpolating  to  find  a  closer 
approximation  to  the  value  of  the  angle. 


The  following  arrangement  of  num6er/3 
recommended  for  interpolation:  - 

ANGLE  TANGENT 


6' 


22*36' 


22*42' 


.0004 


.(0020 


0.4183 


The  spread  between  22 "36'  and  22 *4^'  ii  67 
and  we  use  the  comparison  of  the  tangent  values 
to  determine  how  much  of  this  6'  spread  isj  in- 
cluded in  9  ,  the  angle  whose,  value  is  sought. 
Notice  that  the  tangent  of  9  is  different  from 
tan  22°  36*  by  only  0.0004,  and  the  tptal  spread 
in  the  tangent  values  is  0.0020.  Therefore,  the 

tangent  of  9  is  q'qq20  of  the  way.  between  &e 
tangents  of  the  two  angles  given  in  the  table. 
This  is  1/5  of  the  total  spread,  since 


0.0004 
0.0020 


Another 
to  observe 
thousandths 
responding 


waj/  of 


_4 
20 


arriving'  at  this  result  is 
that  the  total  spread  is  20  ten- 
and  that  the  partial  Spread  ccr- 
to  angle  9  is   4  ten-thousandths. 


Since  4  out  of  20  is  the  same  as  j-  but  of  5,  angle 
0  is  1/5  of  the  way  between  22736'  and  22°42\ 
Taking  1/5  of  the  6'  spread  between  the 
angles,  we  have  the  following  calculation: 

|-x  6'=|x  5'60"  » 

=  ri2"  (1  minute  and  12  seconds) 

« 

The  12'*  obtained  in  this  calculation  causes  our 
answer  to  appear  to  have  greater  accuracy  than 
the  tables  from  which  it  is  derived.  This  appar- 
ent increase  in  accuracy  is*a*normal  result  of 
interpolation.  Final  answers  based  on  inter- 
polated data  should  be  rounded  off  to  the  same 
degree  of  accuracy  as  that  of  the  origin^data. 
The  value  of^l  minute  and  12  seconds  found 
in  the  foregoing  problem  is  added  to  22036',  as\ 
follows:  ' 

9  =  22°  36*  +  I'M"  =  22°37!12fV 

Therefore  9  is  22 °37',  approximately. 

The  foregoing  problem  could  have  been 
solved  in  terms  of  tenths  and  hundredths  of  a 
degree,  rather  than  minutes,  as  follows: 


/ 
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/  - 


-/fo 


ANGLE  TANGENT 
r  22.60°  0.4163] 
0.1°  4     0     -        0.4167  J 
22.70°  0.4183 


0.0QD4 


0.0020 


In  this  example,  we  are  concerned  with  an 
angular  spread,  of  $.10°  and  9  is  located  1/5  of 
the  way  through  this  spread.  Thus  we  h^ve 


6  =  22.60°  + 


(1  x  0.10°) 


9  =  22.60°  +  0.02° 
B  *  22.62° 

Interpolation  must  be  approached  with  com* 
mon  sense  In  order  to  avoid  applying  correc- 
tions in  the  wrong  direction.  For  example,  the 
cosine  of  an  angle  decreases  'in  value  as  the 
angle  increases  from  0°  to  90°.  If  we  need  the 
value  of  the  cosine  of  an  angle  such  as  22°39', 
the  calculation  is  as  follows: 

>m  ANGLE 


f  22036f] 
\  22°39,J 


22°42' 


COSINE 


0.9232 


0.9225 


0.0007 


In  this  example,  it  is  easy  to  see  that  22°39* 
is  halfway  between  22°36t  and  22°42',  "There- 
fore, the  cosine  of  22°39f  is  halfway  between  the 
cosine  of  22°36t  and  that  of  22°42f."  Taking 
one-half  of  the  spread  between  these'  cosines, 
v/e  then.  SUBTRACT  from  0.9232  to  find  the 
cosine  of  22°39\  as  follows  u 


cos  22°39'  *  0.9232 


(|  x  0.0007) 


=  0.9232  -  0.00035 
=  0.92285 

=»  Q-,3229  (approximately) 

Practice  problems: 

I.*  Use  the  .table  in  appendix  II  to  find  the  deci- 
mal value  of  each  of  the  following  ratios: 

a.  tan  45°  '      d.-  sin  37°14' 

b>  sin  60°  ■  e.  cos  51.5° 

c.  cos42°6'  ■  .  f.  tan  13. 75° 


2.  Find  the  angle  which  corresponds  to  each  of 
the  following  decimal  values  in  appendix  H: 

c.  tah,0  =  0.7604 

d.  'Sin  6  =  0.8142 


a.  sin  6  *  0.2790 

b.  cos  6  »  0.9018 


Answers: 


1.  a. 
b. 
c. 


1  , 

0.8660 

0.7420 


2.  a.  fl«  16.2° 
b.  0  =  25°36' 


d.  0.6051 

e.  0.6225 

f.  0.2447 

C  6  =  37°15' 
d.  6  =  54*30' 


RIGHT  TRIANGLES  WITH 
SPECIAL  ANGLES  AND  SIDE  RATIOS 

Three  types  of  right  triangles  are  expecialiy 
significant  because  of  their  frequent  occur- 
rence* These  are  the  30°-60#-90°  triangle,  the 
45°-90°  triangle,  and  the  3-4- i  triangle. 

THE  30°-60°-90°"  TRIANGLE 

The  30#-60°-90°  triangle  is  sp  named  be- 
cause these  are  the  sizes  of  its  three  angles. 
The  sides  of  this  triangle  are  in  th^Hratio  of 
1  to      to  2,  as  shown  in  figure  21. 


Figure  21.-30#-60°-90°  triangle. 

The  sine  ratio  for  the  30°  angle  in  figure 
21  establishes  the  proportionate  values  of  the 
sides.  For  example,  we  know  that  the  sine 
of  30*  is  1/2;  therefore,  side  AB  must  be  twice 
%s  long  as  BC.  If  side  BC  is  1  unit  long,  then 
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tide  AB  is  2  units  long  and,  by  the  rule  of 
Pythagoras,  AC  is  found  as  follows: 


AC  =  V(AB)2  -  (BC12 

« 

Regardless  of  the  size  of  the  unit,  a  30°- 
60° -90*  triangle  has  a  hypotenuse  which  is  2 
times  as  long  as  the  shortest  side.  The  short- 
est side  is  opposite  the  30*  angle.  The- side  op- 
posite the  60*  angle  is  *tt  times  as  long  as  the 
shortest  side.  For  example,  suppose  that  the 
hypotenuse  of  a  30° -60° -90°  triangle  is  30  units 
long;  then  the  shortest  side  is  15  units  long, 
and  the  length  of  the  side  opposite  the  60p  angle 
is  15  VT units. 

Practice .  problems.  Without  reference  to 
tables  or  to  the  rule  of  Pythagoras,  find  the 
following  lengths  and  angles  in  figure  22: 


1.  Length  of  AC. 

2.  Size  of  angle  A. 

3.  Size  of  angle  B. 


4.  Length  of  RT. 

5.  Length  of  RS. 

6.  Size  of  angle  T. 


Figure  22. -Finding  parts  of 
30" -60° -90°  triangles.  * 

Answers: 

1.  -ft"  4.  4 

2.  30°'     ~  .  \  5*  2  ■  • 

3-.  60*   !  6.  30° 

1 

THE  45°- 90°  TRIANGLE   ,     .  . 

Figure  23  illustrates  a  triangle  in  whjch 
two  angles  measure  45*  and  the  third  angle 


Figure  23.-A  45°-90°  triangle.    ,  . 

measures  90°.  Since  angles  A  and  B  are  equal, 
the  sides  opposite  them  are  also  .equal.  There- 
fore, AC  equals  CB.  Suppose  that  CB  is  1  unit 
long;  ^  then  AC  is  also  1  unit  long,  and  the  length 
of  AB  is  calculated  as  follows: 


(AB)5 


l2  +  V 


AB  ^  n/T 

Regardless  of  the  size  of  the  triangle,  if  it 
has  two  45°  angles  and  one  90°  angle,  its  sides 
are  in  the  ratio  1  to  1  to  VX  For  example,  if 
sides  AC  and  CB  are  3  units  long,  AB  is  3 
units  long. 

Practice  problems.  Without  reference  to 
tables  or  to  the  rale  of  Pythagoras,  find  the 
following  lengths  and  angles  in  figure  24: 


lt  AB  2.  BC 

Answers: 


1.  2  VT 


2.  2 


3.  Angle. B 


3.  45° 


THE  3-4-5  TRIANGLE 

The  triangle  shown  in  figure  25  has  its 
sides  in' the  ratio  3  to  4  to  5.  Any' triangle  with 
its  sides  in  this  ratio  is  a  right  triangle. 

It  is  a  common  error  to  assume  that  a  tri- 
angle is  a  3-4-5  type  because  two  sides  are 
known  to  be  in  the  ratio  3  to  4,  or  perhaps  4 
to  5.  Figurt  26  shows  two,  examples  of  tri- 
angles which  happen  to  have  two  of  their  sides 
in  the  stated  ratio,  but  not  the  third  side.  This 
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Figure  24.— Finding  unknown  pafrts 
in  a  45° -90!  triangle. 


4  ; 

!  'Figure  25.-A  3-4-5  triangle. 


4  3 
(A)  (8)  ' 

Figure  26,  -Triangles  which  may  be 
mistaken  for  3-4-5  triangles. 


can  be  because  the  triangle  is  not  a  right  tri- 
angle, as  in  figure  26  (A).  On  the  other 
hand,  even  though  the  triangle  is  a  right  tri- 
angle its  longest  side  may  be  the  4 -unit  side, 
in  which  case  the  third  side  cannot  be  5  units 
long.  (See  figure  26  ,(B).)  f 

f  "  74 


It  is  interestin*  to  note  that  the  third  side  in 
figure  26  (B)  is     </7i  This  is  a  very  unusual 
coincidence'  in  which  one  side  of  a  right. tri- 
angle is  the  square  root  of  the  sum  of  the  other 
•  two  sides. 

Related  to  the  basic*  3-4-5  triangle  are  all 
triangles  whose  sides  are- in  the  ratio  3  to  4 
to  5  but  are  longer  (proportionately)  than  these 
basic  lengths.  For  example,  the.  triangle  pic- 
tured in  figure  17  is  a  3-4-5  triangle. 


8 

Figure  27.-Triangle  with  sides  which 
are  multiples  of  ,3,  4,  and  5. 

The  3-4-5.  triangle  is  very  useful  in  calcula- 
tions of  distance.  If  the  data  can  be  adapted  to 
fit, a  3-4-5  configuration,  no  tabies  or  calcula- 
tion  of  square  root  (Pythagorean  Theorem)  are 
needed. 

EXAMPLE;  An  observer  at  the  top  of  a  40-foot  ■ 
vertical  tower  knows  that  the  base. of  the  tower 
is  30  feet  from  a  target  on  .the  ground.    How' , 
does  he  calculate  his  slant  range  (direct  line  of 
sight)  from  the  target? 

SOLUTION:  Figure  28  shows  that  the  desired 
length,  AB,  is  the  hypotenuse  of  a  right  tri- 
angle whose  shorter  sides  are  30  feet  and  40 
feet  long.  Since  these  sides  are  in  the  ratio  3 
to  4  and  angle  C  is  90°,  the  triangle  i*a  3-4-5 
triangle.  Therefore/  side  AB  represents  the 
5-unit  side  of  the  triangle.  The  ratio  30  to  40 
to  50  is  "equivalent  to  3-4-5,  and  thus  side  AB 
is  50  units  long. 

Practice  problems.    Without  reference  to 
tables  or  to  the  rule  of  Fythagoras,  solve  the  * 
following  problems: 

1.  An  observer  is  at  the  top  of  a  30-foot  verti- 
cal tower..  Calculate  his  slant  range  from  a 
target  on  the  ground  which  is  40  feet  from  the  * 
base  of  the  tower. 

lou  '       -  ■ 


•   Figure  28.-Solving  problems  with  a 
3*4-5  triangle, 

2  A  guy  wire.  15  feet  long  is  stretched  from 
the  top  of  a  pole  to  a  point  on  ther  ground  9  feet 
from  the  base  of  the  pole.  Calculate  the  height 
of  the  pole. 


Answers: 
1.  50  feet 


2.  12  feet 
OBLIQUE  TRIANGLES 


Oblique  triangles  are  defined  as' triangles 
which  contain  no  right  angles.  A  natural  approach 
to  the  solution  of  problems  involving  oblique 
triangles  is  to  construct  perpendicular  lines  and 
form  right  txf angles  which  subdivide  the  ori- 
ginal triangle.  Then  the  problem  is  solved  by  the 
usual  methods"  for  right  triangles. 


DIVISION  INTO  RIGHT  TRIANGLES, 

The  oblique  triangle  ABC  in  figure  29  has 
been  divided  into  two  right  triangles  by  draw- 
ing line  BD  perpendicular  to  AC.  The  length 
of  AC  is  found  as  follows: 

Find  the  length  of  AD. 

AD 


35 


=  cos  40 c 


AD  =  35  cos  40° 
=  35  (0.7660) 
=  26.8  (approximately) 


Figure  29.— Finding  the  unknown  parts 
of  an  oblique  triangle. 

CAUTION:  A  careless  appraisal  of  this  prob- 
lem may  lead  the  unwary  trainee  to  represent 
the  ratio  AC/AB  as  the  cosine  of  40°,  This 
error  is  avoided  only  by  the  realization  th^t  the 
trigonometric  ratios  are  based  on  RIGHT  tri- 
angles.' 

2.  In  order  to  find  the  length  of  DC,  first 
calculatevBD. 


BD 


=  sin  40 


35 

BD  =  35  sin  40° 
=  35  (0.6428) 
=  22.4  (approximately) 


^^^bTJFind  the  length  of  DC. 


22.4 
DC 


=  tan  75' 


DC  = 


22.4 


22.4 
"052 


tan  75 c 
DC  =  6.01  (approximately) 

4.  Add  AD  and  DC  to  find  AC. 

,    26.8  +  6.01  *  32.81 

AC  =  32.8  (approximately) 


SOLUTION  BY  SIMULTANEOUS 
EQUATIONS 

A  typical  problem  In  trigonometry  is  the 
determination  of  the  height  of  a  point  such  as 
B  in  figure  30. 
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Figure  30. -Calculation  of  unknown 
quantifies  by  means  of  oblique  triangles. 

i 

Suppose  that  point  B  is  the  top  of  a  hill,  and 
point  D  is  inaccessible.  Then  the  only  meas- 
urements possible  on  the  ground'  are  those 
shown  in  figure  30.  "If  we  let  ^represent  BD 
and  x  represent  CDt  ^re  can  set  up  the  fol- 
lowing system  of  simultaneous' equations: 

|  =  tan  70° 


50  +  x 


=  tan  30° 


Solving /these  two  equations  for  h  in  terms  of 
x,  we  have  , 


and 


h  =  x  tan  70° 


h  =  (50  +  x)  tan  30° 


Since  the  two  quantities  which  are  both  equal 
tb  h  must  be  equal  to  each  other,  we  have 


x  tan  70°  =  (50  +  x)  tan  30° 
x  (2.748)  =  50  (0.5774)  +  x(0,5774) 
x  (2.748)  -x  <0.5774)  =  28.8 
x  (2.171)  =  28.8 

x  =  =  13.3  feet 

Knowing  the  value  of  x,  it  is  now  possible  lb 
compute  h  as  follows: 

h  =  x  tan  70° 
=  13,3  (2;748) 
=  36.5  feet  (approximately) 

.Practice  problems: 

1.  Find  the  length  of  side  BC  in  figure  31  (A), 

2.  Find  the  height  of  point  B  above  line  AD  in 
figure  31  (B), 


<'  Answers: 

o 

A,  21.3  feet 
t 

LAW  OF  SINES 


2.  41.7  feet 


The  law  of  sines  provides  a  direct  approach 
to  the  solution  of  oblique  triangles,  avoiding  the 
necessity  of  subdividing  into  right  triangles. 
Let  the'  triangle  in  figure  32  (A)  represent, 
any  oblique  triangle  with  all  of  its  angles  acute. 

The  labels  used  in  figure '  32  are  stand- 
ardized. The  small  letter  a  is  used  for  the 
side  opposite  angle  A;  small  b  is  opposite  angle 
B;  small  c  is  opposite  angle  C. 


Figure  31    -(A)  Oblique  triangle  with  all  angles  acute; 
(B)  obtuse  triangle. 
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Figure  32.— (A)  Acute  oblique  triangle  with  standard  labels; 
(B)  obtuse  triangle. with  standard  labels. 


The  law  of  sines  states  that  in  any  triangle, 
whether  it  is  acute  as  in  figure  32  (A)  or  obtuse 
as  in  figure  32  (B)9  the  following  is  true: 
true: 


a 

sin  A 


sin  B     9in  C 


EXAMPLE:  In  figure  32  (A),  let  angle  A  be 
15  0  and  let  angle  C  be  85°.  If^is  20  units, 
find  the  length  of  AB. 


SOLUTION:  By  the  law  of  sines, 

20'  -  c 

;sin  15°  ~  sin  85" 


20  sin  85 
c=    sin  15° 


^  20  (0.9962)  77  n 
c  =     0.2585     "  77-° 


> 
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APPLIED  PHYSICS 


Physics 


oted-'tar^indtngratnd~definliig     Creditable  mannerr  —  ^ 


problems  as  well  as  to  reaching  their  solutions* 
Physics  not  only  teaches  a  person  to  be  curious 
about  the  physical  world  around  him  but  also 
gives  him  a  means,  of  satisfying  his  curiosity. 
Physics  is  the  basic  science  that  deals  with 
motion,  force,  and  energy  as  shown  in  the  laws 
of  mechanics,  electricity,  magnetism,  sound, 
heat,  and  light.  * 


Your  understanding  of  the  weather  and  the 
motions  of  the  oceans  as  well  as  your  ability 
to  analyze  the  situations  that  arise  in  ocean- 
ography and  meteorology  depend  upon  your  know- 
ledge of  the  application  of  some  of  the  fundamen- 
tal principles  of  physics.  This  does  not  mean 
that  you  must  be  able  to  understand  all  of  the 
complicated  theories  of  oceanography  or  meteor- 
ology; "however,  it  does  mean  that  you  should 
have  a  fair  working  knpwledge  of  some  of  the 
more  elementary,  aspects  of  physics,  as  applied 
to  the  atmosphere,  and  .the  ocean,  as  well  as 
other  .physical  laws,  in  order  to  perform  your 
duties  as  a  Marine  Science  Technician  in  a 


MATTER  AND  ENERGY 

Matter  ts  defined  as  anything  that  occupies 
space  and  has  weight.  Matter  is  around  us  in 
some  form  everywhere  in  our  daily  life— the 
air  we  breathe,  the  water  we  drink,  and  the 
food  we  eat.  All  of  these'  are  various  forms 
of  matter.  Two  basic  particles  make  up  the 
composition  of  all  matter— the  atom  and  the 
molecule.  The  molecule  is  the  smallest  particle 
into  which  matter  can  be  divided  without  de- 
stroying its  characteristic  properties.  In  physics, 
the  molecule  is  the  unit  of  matter.  Molecules 
are  composed  of  one  or  more  atoms.  The  atom 
is  the  smallest  particle  of  certain  kinds  of 
matter  called  chemical  elements.  The  atom, 
in  its  simplest  form,  contains  a  central  part 
known  as  the  nucleus  and  has  positively  charged 
particles  called  protons  and  other  particles 
called  neutrolBL  which  have  about  the  same 
weight  as  protons,  but  which  have  no- electrical 
charge.        Surrounding       the       nucleus  and 
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moving  about  it  are  negatively  charged  particles 
called  electrons.  Regardless  of  the  number  of 
atoms  present,  the  molecules  of  any  element 
(an  element  is  a  substance  that  cannot  be  broken 
down  into  anything  simpler)  always  consist  of 
the^  s&me  kind  of  atoms.  For  example,  every 
molecule  of  oxygei^has  two  atoms  of  oxygen. 

A  compound  is  a  substance  (or  is  matter) 
formed  by  combining  two  or  more  elements* 
Thus,  ordinary  table  salt  is  a  compound  forcofed 
by  combining  two  elements-sodium  and  chlorine. 
Elements  and  compounds  may  exist  together 
without  forming  hew  compounds.  Their  atoms 
do  not  combine.  This  is  known  as  a  mixture.  Air 
£s  a  familiar  mixture.  E^ery  sample  of  air  con- 
tains severalkinds  of  molecules  which  are  chiefly 
molecules  of  the  elements  oxygen,  nitrogen,  and 
argon,  together  with  the  compounds  of  water 
vapor  and  carbon  dioxide.  Ocean  water,  too,  is 
another  mixture,  made  up  chiefly  of  water  and 
salt  mcrtecules,  with  a  smaller  number  of  mole- 
cules of  many  other  compounds  as  well  as 
molecules  of  several  elements. 

Forms  of  Matter 

Matter  is  found  in  one  or  more  of  the 
following  three  states: 

1.  Solid.  Solids  are  substances  which  have 
*  a  definite  volume  and  shape  and  will  retain  their 

original  shape  and  volume  after  being  moved 
from  one  container  to  another.  An  example  is 
a  block  of  wood  or  a  bar  of  metal. 

2.  Liquid.   A  liquid  has  a  definite  volume, 
because  it  is  almost  impossible  to  pack  it  into  t 
a  smaller  space.  However,  when  a  liquid  is  moved 

^Jrom  one  container  t6  another,  it  will  retain 
its  original  volume,  but  will  take  on  the  shape 
of  the  container  into  which  it  is  moved.  For 
example,  if  a,  glass  of  water  is  poured  into 
a  larger  bucket 'or  pail,  the  volume  remains 
unchanged  but  the  liquid  will  occupy  a  dif- 
ferent space;  in  that  it  conforms  to  the  walls 
of  the  container  in  which  it  is  poured. 

3.  Gas.  _  Gases  have  neither  a  definite 
shape  nor  a  definite  volume.  They  will  not 
only  take  on  the  shape  of  the  container  into  , 
which  they  are  placed  but  will  expand*  and 
fill  it,  no  matter  what  the  volume  of  the 
container. 

•    Since  gases  and  liquids  flow  easily,  they 
are  both  called  fluids.  Moreover,  many  of  the  ' 
laws  of  physics  which  apply  to  liquids  apply 
equally  as  well  to  gases. 

Matter  itself  cannot  be  created  or  de- 
stroyed. It  can  be  changed  from  one  state  to 


another;  it  can  be  changed  in  form  and  ap- 
pearance; it  can  combine  with  other  kinds  of 
matter  to  form  different  substances.  This  fact 
is  called  the  "Principle  of  Conservation  of 
Matter." 

Changes  in  Matter 

Although  matter  cannot  be  created  or  de- 
stroyed, it  is  constantly  undergoing  some  kind 
of  change.  The  changes  are  of  three  kinds: 
physical,  chemical,  and  nuclear.  In  physics 
we  are  primarily  concerned  with  the  physical 
change. 

L  Physical.  In  a  physical  change  the 
molecules  remain  the  same  and  matter  Changes 
only  in  state  or  form.  Water  is  a  good  example. 
Ordinarily  water  is  a  liquid;  when  the  tempera- 
ture drops  to  freezing  and  below,  it  goes  into 
its  solid  state  (ice);  and  when  the  temperature* 
is  raised  to  boiling  and  above,  it  becomes 
steam,  which  is  a  gaseous  form  of  water.  No 
new  substance  is  formed.  The  molecular' struc- 
ture remains  the  same. 

2.  Chemical.  Chemical  change  occurs  when 
the  composition  of  the  molecules  of  the  sub- 
stance is  changed  and  a  new  substance  with 
different  properties  is  produced.  For  instance, 
in  the  example  above  illustrating  physical 
change,  water  merely  changed  its  state  in 
the  change  from  liquid  to  iceV>r  liquid  to 
water  vapor.  However,  when  water  is  changed* 
into  hydrogen  and  oxygen  by  an.electric  current, 
a  chemical  change  has  taken  place.  The  water 
molecules  do  not  now  exist,  and  in  their  place 
are  thrfee  molecules  of  gas,  two  of  which  are 
hydrogen,  and  one  of  Which  is  oxygen. 

3.  '  Nuclear.  A  nuclear  change  is  similar 
to  a  chemical  change  in  that  new  substances 
with  new  properties  are  formed.  However,  in  a 
chezQical  change  new  materials  are  produced 
by  a  rearrangement  of  the  atoms  of  the  original  ' 
material;  in  a  nuclear  change,  the  changes  in 
the  identity  of  the  atoms  form  new  materials. 
Atom  bombs  owe  their  destructive  force  to  ^ 
the  important  nuclear  changes  brought  about 
by«man. 

Properties  and  Characteristics 
of  Matter 

From  our  definition  of  matter  (anything  that 
occupies  space  and  has  Veight),  it  can  be  said 
that  all  kinds  of  matter  have  certain  properties 
-in  common.  Two  of  these  properties  are  weight 
and  volume!  There  a're  several  other  common 


properties  which  are  covered  briefly  this 
section.  These  properties  are  called  general 
properties  of  matter. 

PERM ANANCE.  —Matter  cannot  be  manufac- 
tured or  destroyed..  Its  form  or  state  can  be 
^changed  by*  one  of ^  the  processes  previously 
mentioned. 

IMPENETRABILITY. -Two  objects  cannot 
occupy  th?*same  space  at  the  same  time.  For  ex- 
ample, a'roat  pushes  aside  the  water  as  it  trav- 
els. PjA,  when  a  bottle  is  filled  with  water,  the  . 
air  is^forced  out  to  make  room  for  the  water. 

POROSITY.-In  all  matter  there  exists  mi- 
nute spaces  or  pores  between  the  particles.  We 
can  cite  two" examples  of  extremes  in  this  case.  , 
A  sponge  hfcs  pores,  or  openings,  that  can 
readily  be  ieen  by  the  naked  eye  while  a 
block'  of  mettil  or  wood  has  very  small  pores. 
"  HOwever^tbfey  are  still  present  even  though 
not  visibfeto  the  naked  eye. 

INERTIA.— This  property  of  matter  is  per- 
haps the  most  fundamental  of  all  attributes 
of  matter.  In  short,  it  is  the  tendency  for  an 
object  to  stay  at  rest  if  it  is  in  a  position  of 
rest,  or  to  continue  in  motion  if  it  is  moving. 
Inertia  makes  bodies  hard  to  start  and  hard 
to  stop. 

'  VOLUME.— Since  all  matter  occupies  space, 
it  must  have  volume;  that  is,  it  has  length, 
width,  and  depth.  Volume  is  said  to  have 
dimensions  of  length  cubed  because  it  is^  the 
product  of  three  linear  measurements. 

MASS.— Mass  is  defined  as  the  measure  of 
the  quantity  of  matter  contained  in  a  body.  This 
property  does  not  vary.  For  example,  a  sponge 
can  be  compressed  or  allowed  to  expaftd  back 
to  its  original  shape  and  size,  but  the  mass 
does  not  change.  The  mass  wilLremain  the  same 
on  the* earth  as  on  the  sun  or  moon,  or  at  the 
bottom  of  a  valley  or  the  top  of  a  mountain. 
Only  if  something  is  taken  away  or  added  to  it 
is  the  mass  changed.  Later  in  the  section  its 
meaning  will  Hbv§  a  slightly  different 
connotation. 

GRAVITATION.— We  know  from  our  previous 
studies  in  science  that  every  body  attracts  or 
pulls  upon  other  bodies.  In  other  words,  all 
matter  has'  gravitation.  Air  masses  exert  a 
gravitation  attraction.  One  of  Newton1  s  laws 
states  that  the  force  of  attraction  between  two 
bodies  is  directly  proportional  to  the  product 
of  their  masses  and  inversely  proportional  to  ^ 
the  square  of  the  distance  between  their  two 
centers.  Therefore,  -a  mass  will  Tiave  less 
gravitational  pull  on  it  at  the  top  of  a  mountain  ' 
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than  it  would  at  sea  level  because  the  center 
is  displaced  farther  away  from  the  gravitational 
pull  of  the  center  of  the  eart^j.  Gravity  also 
varies  with'  latitude,  being  less  at  the  Equator 
than  at  the  poles  due  to  a  greater  distance  from 
the  center  of  the  earth. 

WEIGHT.— The  weight  of  an  object  is  a 
measure  of  gravitational  attraction  and  depends 
upon  the  mass  or  quantity  that  it  contains 
and  the  amount  of  gravitational  attraction  the 
earth  has  for  it.  Weight  is  a  force,  and  ad  such 
it  should  be  expressed  in  units  qf  force,  such 
as  the  dyne  in  the  cgs  system.  A  dyne  is  the 
force  that  will  give  to  a  mass  01  1  gram  an 
acceleration  of  1  centimeter  per  second  per 
second.  The  force  necessary  to  accelerate 
1  gram  980.665  cm/sec2  at  45°  lat  would  be 
980.665  dynes. 

Since  gravity  varies  with  latitude  and  height 
above  sea  level,  so  must  weight  vary  with  the 
same  factors.  Thus,  you  will  weigh  more  at 
the  poles,  than  at  the  Equator  and  more  at 
sea  level  than  atop  a  mountain.  In  a  comparison 
of  mass  and  weight,  mass  will  remain  constant 
no  matter  where  it  is,  but  weight  will  vary 
with  latitude  and  height  above  sea  level. 

DENSITY, -The  mass  of  a  unit  volume  of  a 
substance  or  mass  per  unit  volume  is  called 
density.  Usually  we  speak  of  substances  being 
heavier  or  lighter  than  another  when  com- 
paring equal  volumes  of  the  two  substances. 

Since  density  is  a  derived  quantity,  the 
density  of  an  object  can  be'eomputed  by  dividing 
its  mass  (or  weight)  by  its  volume.  The  formula 
for  determining  the  density  of  a  substance  is 

u  V 

where  D  stands  for  density,  M  for  mass,  and 
V  for  volume. 

Since  mass  in  the  ogs  system  is  measured 
in  grams*  and  the  unit  volume  in  the  cgs 
system  is  1  cubic  centimeter,  density  may 
be  expressed  as  grams  per  cubic  centimeter. 
We  then  have  the  equation 

g 

3       .  * 
J  cm 

In  the  metric  system,  1  cubic  centimeter  of 
water  has  a  mass  of  approximately  1  gram; 
therefore,  the  density  of  water  is  given  as 
1  gram  per  cubic  centimeter  or  1  g/cm3. 
In  the  English  system,  the  density  of  water 
is  62.4  pounds  per  cubic  foot,  or  62,4  lb/ft3. 

%  The  density  of  gases  is  derived  from  the 
same  basic  formula  as  the  density  of  a  polid. 


Pressure,  volume,  and  temperature  all  affect  the 
density  of  gases.  This  effect  is  discussed  later 
in-  this  section  under  gas  laws.  Another  notable 
effect  is  the  moisture  content  of  a  gas# 

Helicopters  have  their  greatest  lift  and  at- 
tain highest  speeds  in  air  of  high  density. 
Thus,  pilots  of  these  craft  prefer  to  fly  under 
■conditions  of  low  temperature  and  high  pressure 
since  this  is  when  the  air  is  most  dense*  Too, 
pilots  of  jet  aircraft  have  a  great  interest  in  the 
density  of  the  air  because  air  density  not  only 
affect$  speed,  rate  of  climb,  and  fuel  consump- 
tion, but  it  also  plays  an  important  role  in  deter- 
mining /the  length  of  runway  necessary  for 
takeoff/ 


SPECIFIC  GRAVITV.-The  specific  gravity 
of  a  su  >stance  is  the  raljo  of  the  density  of  the 
substance  to  the  density  of  water- 


Specific 


gravity 
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weight  ^of  substan c e 


weight  of  equal  volume  of  water 


Specific  gravity  is  not  expressed  in  units  but 
as  a  pure  number  which  tells  how  many  times 
a  substance  is  heavier  than  water.    For  ex- 
ample, if  a  substance  has  a  specific  gravity  of 
4,  1  cubic  foot  of  the  substance  weighs  62.4 
rtimes  4  or  249.6  pounds.     In  metric  units, 
1  cubic  centimeter  of  a  substance  with  a  specific 
gravity  of  4  weighs  1  times  4  or  4  grams.  Note 
that  in  the  metric  system  of  units,  the  specific 
gravity  of  a  substance  has  the  same  numerical 
/    value  as  its  density.    Because  the  density  of 
water  is  1  gram  per  cubic  centimeter,  a  sub- 
stance whose  specific  gravity  is  4  has  a  density 
of  4  grams  per  cubic  centimeter.  Specific 
gravity  and  density  tere  independent  of  the  size 
of  the  sample  under  consideration  and  depend 
only  on  the  material  of  which  the  substance  is 
made.  . 

The  unit^oT  volume  most  used  is  a  cube  with 
an-  edge-  df  unit  length.  In  the  English  system, 
volume  is  usually  measured  in  cufcfic  feet  or 
cubic  inches.  Thus,  the  unit  is  a  cube  1  foot 
or  1  inch  on  each  edge.  Jn  th§  metric  system, 
the  cubic  centimeter  or  cubic  meter  is  used. 
Another  unit  commonly  used  in  the  metric  sys- 
tem is  the  LITER.  The  liter  is  the  volume  of 
a  cube  10  centimeters  on  each  edge.  The  liter, 
therefore,  .contains  1,000  cubic  centimeters. 
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Systems  of  Unit  and  Measure 

From  very  early  times  it  has  been  necessary 
.  to  have  some  method  of  weighing  and  measuring 
the  fundamental  .quantities  iiuphysics^  Thethree- 
customarily  chosen  in  physics  are  length,  mass, 
and  time. 

A  complete  set  of  units  for  measurement 
of  both  the  fundamental  and  derived  quantities 
is  called  a  system.  In  order  to^simplify  rela- 
tionships between  different  kinds  of  measure- 
ments, scientists  have  adopted  several  systems. 
Ea.ch  is  named  in  terms  of  the  three  fundamental 
units  upon  which  it  is  based.  The  system  most 
widely  used  in  the  United  States  is  the  FpS,  or 
foot-pound-second  system,  called  the  English 
system. 

The  system  most  widely  used  throughout  the 
civilized  world  with  the  exception  of  the  United 
States,  England,  Canada,  and  Russia  is  the 
metric  system.  This  system  employs  the  cgs 
or  centimeter-gram-second  system.  The  metric 
system  is  most  widely  used  by  scientists  the 
world  over. 

The  metric  system  is  a  decimal  system  simi- 
lar, to  that  used  in  the  money  system  of  the 
United  States,  in  that  each  unit  is  one-tenth  the 
size  of  the  next  larger  unit  of  measure.  Since 
it  is  the  system  most  widely  used,  and  it  is  not 
improbable  that  before  many  years  this  system 
will  receive  worldwide  adoption,  it  is  the  system 
discussed  here. 

The  metric  system  is  not  difficult  to  learn. 
The  meter  is  the  unit  of  length  and  the  gram  is 
the  unit  6f  m^ss.  TheS:ommon  subdivisions  of 
each  of  these  units  is  then  broken  down  by  the 
use -of  certain  prefixes  such  as  centi-meaning 
one  one-hundredth-and  milli-meaning  one  ong? 
thousandth.     The  most  common  multiple  for 
these  Jinits  is  formed  by  using  the  prefix  kilo 
which*  means  one  thousand.  Table  17{  shows 
the  measures  of  length  in  the  metric  system. 
A  meter  is  equivalent  to  approximately  39.37! 
inches.    Greek  and  Latin  prefixes  are  used  to 
indicate  larger  or  smaller  united  of  the  meter. 

Other  quantities  derived  (torn  length  are 
the  area  and  the  volume.  The  standard  unit  of 
measure  for  area  is  the  square  centimeter,  or 
'  cm2.  For  volume  the  standard  unit  of  measure 
is  the  cubic  centimeter,  or  cnr*. 

Measures  of  weight  in  the  metric  system 
.are  formed  by  adding  the  Greek  and  Latin  pre- 
fixes to. the  gram.  There  are  approximately 
45$  grams  to  a  pound.  The  kilogram  is  1,000 
grams  and  is  equivalent  to  about  2.2  pounds. 
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Table  17.  —Metric  measures  of  length. 


force,  and  d  is  the  distance. 


tficromefer  .  .  *  ♦  1  1/1,000, 000  of  a  meter 

Millimeter   1  1/1, 000  of  a  meter 

Centimeter  1  1/100  of  a  meter 

Decimeter  ..».,.  1/10  of  meter 

Dekameter  10  meters 

Hectometer.  .  .  .     100  meters 
Kilometer  .  .  .  .  .  1,000,  meters 
Megameter.  .  .  .  .  1, 000,000  meters 


In  both  the  English  and  the  metric  systems, 
the  second  is  the  standard  unit  of  time. 

In^  the  application  of  physics  to  Marine 
Science,  we  may  find  that  the  units  of  mass, 
length,  and  time  may  be  used  to  express  dif- 
ferent terms  with  the  use  of  dimensions  as  listed 
in  table  18. 

able  18-Units  and  Dimensions 


Work  is  measured  in  the  English  system  by 
the  foot-pound;  that  is,  if  1  pound  of  force  acts 
through  a  distance  of  1  foot,  it  performs  1  foot- 
pound of  work.  In  the  metric  cgs  system,  if 
the  force  is  measured  in  dynes,  the  distance  is 
measured"iir-centiTneters,  and  the  work  1s~xie-- 
noted  in  ergs  {the  work  done  by  a  force  of  1 
dyne  exerted  for  a  distance  of  1  cm).  Another 
unit  used  to  measure  work  is  the  joule.  It  is 
simply  10,000,000  er.gs,  and  is  equivalent  to  just 
under  three-fourdfe  of  a  foot-pound.  *" 

Two  kinds  of  energy  are  important  in  our 
study  of  atmospheric  physics.  They  are  poten- 
tial energy  (or  energy  at  rest  or  of  position)  and 
kinetic  energy  (or  the  energy  *f  motion),  which 
are  discussed  under  energy  considerations  later 
in  this  section. 


MASS,  FORCE,  AND  MOTION 


TERM 

Mass 

length 

Time 

Velocity 

Acceleration 

Force 

Work' 

Density 

Pressure 


ENERGY 


DIMENSION 

M 
L 
T 

LT~ 
LI- 
MIT-2 
ML2T~2 

M£?  -2 
ML  T 


n-1 

-2 


UNITS 
g 

cm 
sec 

cm/sec 
cm/sec 
g  cm/sec2 
g  cnr/sec 
g/cin3  2 
g/cm/sec 


•  Energy  is  defined  as  the  ability  to.  do  work. 
Energy  is  also  something  that  produces  changes 
in  matter.  Heat  can  change  water  from  a  liquid 
to  a  gas,  Tor  example.  There  are  many  different 
kinds  of  energy,  but  we  a^e  mainly  concerned 
with  those  kinds  which  affect  the  processes  in 
the  atmosphere.  The  energy  principle  simply 
stated,  is  that  energy  is  measured  by  the  amount 
of  work  a  body  can  do.  Work  is  done  only  when 
a,  force  succeeds  in  -moving  the  body  it  acts* 
upon.  The  quantity  of  work  done  is  equal  to  the 
product  of  the  forge  times  the  distance  moved. 
Therefore,  we  derive  the  formula 


W=Fd  or 


mi/t  * 


MLT 


mlV2 


where  W  is  the  amount  of  work  done,  F  is  the 


MASS  AND  INERTIA 

Any  general  discussion  of  the  principles  of 
physics  would  be  incomplete  without  some  con- 
sideration of  the  way  in  which  mass,  force,  and 
motion  are  related.  Even'  the  tiny  particles  of 
atomic  physics  have  mass  and  motion;  in  fact, 
the  physical  laws  relating  to  mass  and  m<^kfa 
provide  very  Important  clues  for  use  in  the  dif- 
ficult task  of  predicting  the  behavior  of  these 
invisible  particles.  Some  of  the  same  laws  govern- 
ing their  motion  are  also  applied*to  the  ordinary 
objects  we  encounter  every  day.  - 

You  have  probably  learned  that  a  body  is 
accelerated  (made  to  move  faster)  by  the  applica- 
tion of  a  force.  The  acceleration  of  a  body  is 
directly  proportional  to  the  force  causing  that 
acceleration.  This  information,  however,  ,is  not 
enough  to  write  an  equation  involving  force  and 
acceleration  in  familiar  units.  Acceleration  dep- 
ends also  upon  the  mass  of  the  body  that  is 
being  moved. 

The  term  MASS  refers  to  that  property  of 
matter  wfrifch  in  ordinary  language  is  described 
as  INERTIA.  We  know  from  experience  that  an 
object  at  rest  never  starts  to  move  by  itself; 
a  push  or  a  pull  must  be  exerted  On  it  by  some 
other  object.  This  external  force  is  needed 
because  the  body  has  inertia.  To  give  a  rfumer- 
ical  value  to  this  Inertia,  it  is  compared  with 
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some  standard,  the  Inertia  of  which  is  taken  as 
one.  When  ,  the  inertia  of  other  bodies  is  taken  in 
respect  to  this  standard,  itie  called  mass.  There- 
fore, mass  is  a  measure  of  inertia:  Suppose  two 
objects  of  identical  size  and.shape^are  made  of 
different  materials.  If  gravity  were  not  present, 
masses  of  the  two,  objects  could  be  judged  by  their 
Inertia-that  is,  by  their  resistance  to  change  in 
velocity. 

The  observations  that  have  been  made  point 
to  a  connection  between  force,  mass,  and  accel- 
eration, ItTan  be  shown  experimentally  that  the 
acceleration  of  a  body  is  directly  proportional 
to  the  force  exerted  on  that  body  and  inversely 
proportional  to  the  *  mass  of  that  body  or  that 
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where  a  is  the  acceleration,  F  is  the  force  ex- 
erted, and  m  is  the  mass  of  the  body.  In  the  case 
of  falling  bodies,  the  force  of  gravity  for  a  large 
mass  is  greater  than  that  for  a  small  mass,  so 
that  the  acceleration  of  gravity  becomes  a  constant. 
The  preceding  equation  is  the  mathematical  repre^ 
sentation  of  Newton's  second  law.  It  is  probably 
the  most  important  equation  in  mechanics  (this  is 
the  name  given  to  the  branch  of  physics  which  deals 
with  force  and  motion).  It  is  usually  stated  in  the 
form 


action-at-a-distance  forces. 
VECTORS 

Profclems  arise  in  which  it  is  necessary  to 
deal  with  one  pv  more  forces  acting  aim  IxScTy. 
To  solve  problems  involving  forces,  a  means  of 
representing  forces  must  be  found,  A  force  is 
completely  described  when  its  magnitude,  direct- 
ion, and  point  of  application  are  given.  Because 
a  vector  is  a  line  which  represents  both  magnitude 
and  direction,  a  vector  may  be  used  to  describe 
a  force.  The  length  of  the  line  represents  the 
magnitude  of  the  force,  the  direction  «f  tbgjine 
represents  the  direction  in  which  the  force  is  being 
applied,  and  the  starting  point  of  the  line  repre- 
sents the  point  of  application  of  the  force.  For 
example,  to  represent  a  force  of  10  pounds  acting 
due  east  on  point  A,  draw  a  line  10  units  long, 
starting  at  point  A  and  extending  in  a  direction 
90*  clockwise  from  north  (See  fig,  33.)  . 
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^hen  using  this  equation*  be  sure  to  use  units 
of  mass  and  not  unijs  of  weight. 


FORCE 

Force  is  "a  push  or  pull  acting  upon  a  body. 
Many  people  think  that  all  force  comes  from 
muscular  effort,  such  as. the  effort  required  to 
push  a  box  resting  on  the  deck.  However*  water  in 
a  can  exerts  force  on  the  sides  and  bottom  of  the 
«  can  and  an  upward  force  on  any  object  on  the  sur- 
face of  the  water.  A  tug  exerts  force  on  the  ship  it 
'    is  pushing  or  pulling.  In  all  of  these  examples,  the 
body  exerting  the  force  is  in  contact  with  the  body 
on  which  the  force  is  exerted;  forces  of  this  type 
are  called  contact  forces.  There  are'also  forces 
.  which  act  through  empty  space  without  contact.  The 
*  force  of  gravity  exerted  on  a  body  by  the  earth- 
known  as  the  weight  irf  the  body-is  one  example  of 
this  type  of  force/Forces  which  act  through  empty 
space  without  contact  are  called  action-at-a-dis- 
tance forces.  Electric  and  magnetic  forces  are 


Figure  33,— Example  of  a  vector, 

COMPOSITION  OF  FORCES " 

If  two  or  more  forces  are  acting  simul-  . 
taneously  at  a  point,  the  same  effect  can  b^ 
produced  by  a^single  force  of  the  proper  size 
*  and  direction.  'Wis  single  force,  which  is  equiva- 
lent to  the  action  of  two  or  more  forces,  is  called 
the  resultant.  Putting  component  forces  together  to 
And  the  resultant  force  is  called  composition  of 
forces.  The  vectors  representing  the  forces  must 
be  added  to  find  the  resultant.  Because  a  vector 
represents  both  magnitude  and  direction,  the  meth- 
od for  adding  vectors  differs  from  the  procedure 
used  for  scalar  quantities,  which  have  no  direction. 

Consider  this  example:  Find  the  resultant 
force  when  a  vertical  force  of  5  pounds  and  a 
horizontal  force  of  10  pounds  are  applied  at  point 
A.  (See  fig.  34.)  The  resultant  force  -may  be 
found  as  follows:  Represent  m the  given  forces  by 
vectors  AB  and  AC  drawn  to  a  suitable  scale,*  as 
in  figure  34,  At  points  B  and;C,  draw  dotted  lines 
perpendicular  to  AB  and  AC,  respectively.  From 
A  draw  a  line  to  the  point  of  intersection  X  of  the 
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dottedltaes.  Vector  AX  represents  the  resultant  of 
the  two  forces.  Thus,  when  two  mutually  perpen* 
dicular  forces  act  on  a  point,  the  vector  represen- 
ting the  resultant  force  is  the  diagonal  of  a  rect- 
angle. The  length  of  AX,  on  the  game  gcale  as 
that  for  the  two  original  forces,  is  the  size  of  the 
resultant  force;  the  angled  gives  the  direction 
with  respect  to  the  horizontal. 


\ 

When  it  is,  desired  to  find  the  resultant  of 
two  forces  which  are  not  at  right  angles,  the 
following  graphic  method  may  be  used.  Let" AB 
and  AC  (fig.  35)  represent  tlfe  two  forces  draWn 
accurately  to  scale.  From  point  C  draw  a  line 
parallel  to  AB  arid  from  point  B  draw  a  line  paral- 
lel to  AC.  The  lines  will  intersect  at  a  point  X, 
as  shown  in  figure  35.  The  forceAX  is  the  resul- 
tant of  the  two  forces  AC  and  AB.  Note  that  the  two 
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Figure  34.— Composition  of  two  right-angle  forces, 

dotted  lines  and  the  two  given  forces  make  a 
parallelogram  ACXB,  Solving  for  the  resultant  in 
this  manner  is  called  the  parallelogram  method, 
The  size  and  direction  pf  the  resultant  may  be 
found  by  measurement  from  the  figure  drawn  to 
scale.  This  method  applies  to  any  two  forces  acting 
oh  a  point  whether  they  act  at  right  angles  or  not. 
Note  that  the  parallelogram  becomes  a  rectangle 
for  forces  acting  at  right  angles*  ■ 

Consider  the  following  problems  as  practical 
examples  of  combining  forces: 

1.  A  supply,  barge  is  anchored  in  a  river 
during  a  storm.  If  the  wind  aqts  westward  on  it 
with  a  force  df4^CT00  pounds  and  the  tide  acts  south- 
ward on  it.  with  a  force  of  3,000  pounds,  what  is 
the  direction  and  the  magnitude  of  the  resultant 
force  acting  upon  the  barge?  Figure  36  shows  the 
forces  acting  upon  the  barge.  If  the  force  vectors 
have  beerrdrawn  to  scale,  the  magnitude  and  dir- 
ection of  the  resultant  may  be  obtained  by  meas- 
uring the  length  of  the  diagonal  of  the  c*ipleted 
parallelogram  and  the  angle  the  diagonal  makes 
with"  a  side  of  the  parallelogram.  The  resultant 
can  be  found  also  by  geometry  and  trigonometry. 


I  1 


Figure  35.-Graphic  method  of  the  composition  of 
forces. 


From  the  Pyfhagorean  relationship: 

R2  =  3OO02  +  400O2 
R2  =  (3  x  l.OOO)2  ♦  (4xl,000)2 
R2  =(32  xl,0002)+  (42  x  MOO2) 
R2  -  (l,0002)x  (32  +  42) 
•  R2  «  (1,  pOO^  x  (25) 

R  =V  (1.000*)x(25)»(l,000)x(5) 
R  =  5,000  lb 


WIND  4,000  LB 


TIDE 

3,000  LB. 


figure   36.-Problem  using  the  composition  of 
forces. 


From  trigonometry: 


tan  O 


tan  0 


opposite  aide 
adjacent  side 

3,000 
4,000 

36.9° 


0.750 


The  resultant  is  a  force  of  5,000  pounds  acting 
at  an  angle  of  36.9*  with  the  direction  of  the  wind 
or  in  a  direction  of  233.1*  (270*-36.9*  *  233.1°). 
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'  2.    With  a  slight  modification,  the  parallelo- 
gram method  of  addition '  applies  also  to  the 
revere  operation  of  subtraction.  Consider  the 
0 


Figure  37.- Parallelogram  method  of  subtracting 
forpes. 

problem  of  subtracting  force  AC  from  force  AB. 
(See  fig.  37.)  First,  force  AC  is  reversed  in 
direction  giving  -AC.  Then,  forces  -AC  and  AB 
are  added  by  tlie  parallelogram  method,  giving 
the  r$ffu|4ant  AX,  which  in  this  case  is  the  dif- 
ference between  forces  AB  and  AC,  A  simple 
checlfc  to  verify »jfee  results  consists  of  adding 
AX  Ip  AC;  th^'sum  or  resultant  should  be 
identffcal  with  AJ*. 


LAWS  OF  MOTION 


$he  ktmdsjgfexe  and  hydrosphere  are  "con- 
stant In  motiod/iThis  motion  does  not  just  hap- 
pen eft  its  owns  .accord;  there  are  forces  at  work 
which -  cause  it  w  move.  Some  forces  cause  it  to 
move  frofo  one  elevation,  or  height,  to  another  as 
convefctive  currents.  *  Other  factors  cause  it  to 
move  in  /various  directions  with  a  great  range  of 
speed*  Still  other  factors  cause  it  to  move  in 
either  a  clockwise  or  counterclockwise jfashion* 
#oyer  w{de  areas.  Perhaps  a  review  of  Newton's 
laws  .of  motion  will  aid  you  in  understandnig  some 
of  the  reasons  why  the  atmosphere  and  hydro- 
sphere move  as  they  do. 


***** 


NEWTON'S  LAWS 

Sir  Issac  Newton,  a  foremost  English  phys- 
icist, formulated  three  important  laws  relative 
to  motion.  In  his  first  law,  the  law  of  inertia,, 
he  stated  that  every  body  continues  in  its  state  of 


rest  or  fusiform  motion  in  a  straight  line  unless 
it  is  compelled  to  change  by  applied  forces.  Al- 
though the  atmosphere  is  a  mixture  of  gases  and 
it  has  the  properties  peculiar  to  gases,  it  still 
behaves  in  many  respectsas^aJxxfywHen  consi- 
dered in  the  terms  of  Newton's  law.  There  would 
be  no  movement  of  great  quantities  of  air  unless 
there  was  a  force  to  cause  it.  For  instance,  air 
moves  from  one  area  to  another  because  there  is 
a  force  (or  forces)  great  enough  to  change  its 
direction  or  to  overcome  its  tendency  to  remain 
at  rest. 

The  second  of  Newton's  laws  of  motion, 
force  and  acceleration,  states  that  change  of 
motion  of  a  body  is  proportional  to  the  applied 
force  and  takes  place  in  the  direction  of  the 
straight  line  in  which  that  force  is  applied.  In 
respect  to  the  atmosphere,  ^this  means  that  the 
change  of  the  motion  of  the  atmosphere  is  de- 
termined by  the  force  acting  upon  it  and  takes 
place  in  the  direction  of  that  force. 

Nekton's  third  law  of  motion,  reactingforces, 
states  that  to  every  action  there  is  always  an  equal 
and  opposite  reaction,  or  the  mutual  actions  of  two 
bodies  are  always  equal  and  oppositely  directed. 
Consequently,  there  is  never  a  force  acting  in 
nature  unless  there  are  two  bodies,  one  impress- 
ing, or  exerting,  the  force  and  -the  other  being 
impressed  by  force.  Still  another  aspect  of  the  law 
is  that  a  force  cannot  exist  by  itself;  it  must  exist 
along  with  another  force.  It  is  clear,  then,  that 
there  must-be  at  least  two  bodies  and  two  forces.  In 
the  atmosphere  tftere  are  many  masses,  or  bodies, 
of  air,  each  exerting  a  force  and  having  a  force 
exerted  against  it. 


BALANCE  OF  FORCES- WINDS 

Newton's  first  two  laws  of  motion  indicate 
that  motion  tends  to  be  in  straight  lines  and  only 
deviates  from  such  lines  when  acted1  upon  by 
another  force,  or  by  a  combination  of  forces. 
The  air  tends,  for  instance,  to  move  in  a  straight 
line  from  a  high-pressure  area  to  a  low-pressure 
area.  However,  there  are  forces  which  prevent 
the  air  from  moving  "in  a  straight  line, 

PRESSURE  GRADIENT  FORCE 


'"The  variation  of  heating  (and  consequently 
the  variations  of » pressure)  from  one  locality  to 
another  is  the  initial  factor  that  produces  move- 
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ment  of  air  or  wind.  The  most  direct  path  from 
high  to  low  pressure  is  one  along  which  the  pres- 
sure is*  changing  most  rapidly  and  is  called  the 
pressure  gradient.  Pressure  gradient  force  is 
the  force  that  moves  air  from  an  a$£a^of  high 
pressure  to  an  area  of  low  pressure*  The  velocity 
of  the  wind  depends  upon  the  pressure  gradient. 
If  the  pressure  gradient  is  steep,  the  wind  si>eed 
is  strong;  if  the  pressure  gradient  is  weak,' the 
wind  speed  is  light. 


CORIOLIS  EFFECT 

If  pressure  gradient  force  were  the  only 
force  affecting  windflow,  the  wind  would  blow  at 
right  angles  across  isobars  (lines  connecting 
points  of  equal  barometric  pressure)  from  high 
to  low  pressure.  From  observation  we  know  the 
wind  actually  blows  parallel  to  isobars  above 
♦any  frictional  level.  Therefore,  other  factors 
must  be  affecting  the  windflow,  and  one  of  these 
factors  is  the  rotation  of  the  earth.  A  particle 
at  rest  on  the  earth's  surface  is  in  equilibrium. 
If  the  particle  starts  to  move  because  of  a  pres- 
sure gradient  force,  its  relative  motion  is  affected 
by  the  rotation  of  the  earth.  If  a  mass  of  air  from 
the  Equator  moves  northward,  it  is  deflected  to 
the  right,  so  that  a  south  wind  tends  to  become 
a  southwesterly  wind. 

An  air  mass  moving  from  the  North  Pole 
tends  to  become  a  northeasterly  wind.  This  de- 
flection is  known  as  the  Coriolis  effect  and  is 
stated  as  a  law.  (See  fig.  38.)  This  law  states 
that  when  a  mass  of  air  starts  to  move  over  the 
earth's  surface,  it  is  deflected  to  thfe  right  of 
its  path  in  the  Northern  Hemisphere  and  to  the 
left  of  its  path  in  the  Southern  Hemisphere. 
Coriolis  effect  is  dependent  upon  the  latitude 
and  speed  of  the  moving  air  mass.  It  is  greatest 
at  the  poles  and  nonexistent  at  the  Equator.  It 
increases  as  the  speed  of  the  n\pving  air  mass 
increases.  4 

In  figure  38,  note  that  if  an  object  at  point 
A  in  space  is  moved  toward  point  B  in  space,  an 
observer  in  space  would  see  the  object  move 
from  A  to  B  along  a  straight  line  in  space.  An 
observer  at  point  C  on  the  rotating  plane, however, 
would  find  himself  under  point  B  when  the  object 
arrived  at  point  B  in  space.  It  would  appear  to 
the  observer  on  the  rotating  plane  that  a  force  D 
had  been  acting  on  the  moving  object  to  push  it  to 
the  right  of  its 'path.  ThiB  effect  is  the  Coriolis 


Figure  38.— Coriolis  effect. 

(or  deflecting)  effect.  Study  illustration  38  care- 
fully; note  that  no  actual  force  is  involved  and 
also  that  no  actual  deflection  has  taken  place. 
The  deflection  is  apparent;  that  is,  it  appears  to 
be  a  deflection  caused  by  a  force.  In  Marine 
Science,  we  speak  of  this  deflection  as  the  Coriolis 
effect.  This  effect  can  be  further  illustrated  by 
rotating  a  piece  of  paper  while  trying  to  draw  a 
straight  line  between  a  point  on  the  paper  and  a 
fixed  point  off  the  paper. 


CENTRIFUGAL  EFFECT  - 

According  to  Newton's  first  law  of  motion, 
a  body  in  motion  continues  in  the  same  direction 
in  a  straight  line  and  with  the  same  speed  unless 
acted  upon  by  some  external  force.  Therefore, 
for  a  body  to  move  in  a  curved  path,  some  force 
must  be  continually  applied.  The  force  restrain- 
ing bodies  to  move  in  a  curved  path  is  called  the 
centripetal  force,  and  it  is  always  directed 
toward  the  center  of  rotation.  When  a 'rock  is 
whirled  around  on  a  string,  the  centripetal  force 
is  afforded  by  the  tension  of  the  string. 

Newton's  third  law  states  that  for  every  action 
there  is  an  equal  and  opposite  reaction.  Centrifugal 
force  is  the  reacting  force  which  is  equal  to  and 
opposite  in  direction  to^e  centripetal  force^Cen^_ 
trifugal  force,  then,  is  a  force  directed  outward 
from  the  center  of  rotation. 

As  you  know,  a  bucket  of  water  can  be  swung 
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over  your  head  at  a  rate  such  that  the  water  does 
not  come  out.  This  is  an  example  of  both  cen- 
trifugal and  centripetal  force,  The  water  is  being 
held  In  the  bucket  by  centrifugal  force  tending  to 
pull  It  outward.  The  centripetal  force,  the  force 
holding  the  bucket  and  water  to  the  center,  is 
your  arm  swinging  the  bucket.  As  soon  as  you 
cease  swinging  the  bucket,  the  forces  cease  and 
the  water  falls  out  of  the  bucket.  Figure  39  is  a 
simplified  illustration  of  centripetal  and  cen- 
trifugal force. 


CENTRIFUGAL 
FORCE 


CENTRIPETAL 
FORCE 


Figure  39,-Simplified  illustration  of  centripetal 
and  centrifugal  force. 

High-  and  low-pressure  systems  can  be  com- 
pared to  rotating  disks.  Centrifugal  effect  tends  to 
fling  air  out  from  the  center  of  rotation  of  these 
systems.  Therefore,  when  winds  tend  to  blow  in  a 
ci£c*iar  path,  centrifugal  effect  (in  addition  to 
/pressure  gradient  and  Coriolisv  effects)  influences 
these  winds. 


'  SPEED  AND  VELOCITY 

The  terms  11  speed9  9  and  "Velocity"  are  fre- 
quently used  interchangeably.  However,  it  should 
be  understood'  that  the  twp  are  not  the  same. 
Speed  is  the  rate  at  which  a' body  moves,  whereas 
velocity  describes  both  the  RATE  at  which  a 
body  moves  and  the  DIRECTION  in  which  it  travels. 

,  In  meteorology,  speed  is  the  term  that  should 

be  usecfjvhen  only  rate  of  movement  is  meant, 
When/pfrectionis  involved  along  with  speed,  the  two 
should^  be  expressed*  as  "wind  direction  and 
spee^L99  t  #  ~ 


CIRCULAR  MOTION 

Motion  that  takes  a  circular  path  is  contrary 
to  .the  natural  tendency  of  motion  to  be  in  straight 
lines.  As  mentioned  earlier,  air  tends  to  move 
from  one  pressure  area  to -another ,  in  straight 
lines.  Air  moves  In  a  circular  path  as  a  result 
of  the  balance  of  the  effective  forces  or  effects- 
pressure  gradient,  Coriolls,  and  centrifugal. 

We  have  applied  Newton's  Laws  of  Motion  to 
the  atmosphere,  but  it  is  easy  to  relate  the  same 
laws  of  motion  to  the- hydrosphere  when  we  con- 
sider both  air  and  water  as  MASS  in  motion. 


GAS  LAWS 

Since  the  atmosphere  is  composed  of  a  mix- 
ture of  gases,  familiarity  with  the  fundamental 
concepts  of  the  most  important  gas  laws*  and 
principles  will  aid  y&u  in  understanding  the  effects 
that  temperature,  pressure,  and  volume  variations 
have  upon  the  atmosphere,- Besides  the  basic  gas 
laws,  there  are  other  physical  aspects  of  the 
atmosphere  which  must  be  considered. 


ATMOSPHERIC  PRESSURE  ' 

Pressure  is  defined  as  force  per  unit  area* 
Atmospheric  pressure  is  the  force  per  unit  area 
exerted  by  the  atmosphere  in  any  part  of  the 
atmospheric  envelope.  Therefore,  the  greater  the 
force  exerted  by  the  molecules  of  the  air  for  any 
given  area,  the  greater  the  pressure.  Air  pres- 
sure at  any  given  altitude  within  the  atmosphere 
is  determined  by  the  weight  of  the  atmosphere 
pressing  down  from  above.  Therefore,  the  pres- 
sure decreases  with  altitude  because  the  weight 
of  the  atmosphere  decreases.  Although  the  pres- 
sure varies  on  a  horizontal  plane  from  day  to  day, 
the  greatest  pressure  variations  are  with  changes 
in  altitude.  Nevertheless,  horizontal  variations  of 
pressure  are  important  in  meteorology  because 
they  cause  or  help  to  cause  good  and  bad  weather. 

At  sea  level,  tfie  average  pressure  is  about 
1,013  millibars  (1:4.7  pounds  per  sqdare  inch). 
It  has  been  found  that  the  pressure  decreases  by 
half  for  each  18,000-foot  increase  in  altitude. 
Thus,  at  18,000  feet  one  can  expect  an  average 
pressure  of  about  500  millibars  (7.35  pounds 
per  square  inch),- and  at  36,000  feet  a  pressure 
of  only  250  millibars  (3.68  pounds  per  square 
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Inch),  etc*  Therefore,  it  may  be  concluded  that 
atmospheric  pressures  are  greatest  at  lower 
elevations  because  the  total  weight  of  the  at- 
•  mjgsphere  is  greatest  at  these  points. 

Atmospheric  pressure  is  normally  measured  * 
in  meteorology  by  the  use  of  a  mercurial  or 
aneroid  barometer.  Pressure  is  measured  in 
many  different  units.  One  atmosphere  of  pres- 
sure is  29.92  inches  of  mercury,  760  milli- 
meters of  mercury,  1,013,25  millibars,  14.7 
pounds  per  square  inch,  or  1,033  grams  per 
square  centimeter.  These  measurements  are 
made  under  standard  conditions.  The  U,  S.  Stand- 
ard Atmosphere  assumes  a  mean  sea  level 
temperature  of  15°C,  a  standard  sea  level  pres- 
sureT  of  1,013.2  millibars  or  £9.92  inches  of 
mercury,  a  temperature  lapse  rate  of  0.65#C  per 
100  meters  up  to  11  kilometers,  and  a  tropo- 
pause  and  stratosphere  temperature  of  -56.5#C. 

STANDARD  CONDITIONS 

The  conditions  under  wfiich  gases  must  be 
compared,  densities  determined,  and  gas  con- 
stants derived  are  known  as  the  standard  con- 
ditions for  gases.  The  standard  conditions  are  a 
pressure  of  760  millimeters  of  mercury  (1,013.25 
mb)  and  a  temperature  of  0*C,  sometimes  referred 
to  as  STP  (standard  temperature  and  pressure). 

KINETIC  THEORY  OF  GASES 

The  kinetic  theory  of  gases  is  very  heplful 
in  understanding  the  behavior  of  gases.  Gases, 
like  some  other  substances,  consist  of  molecules 
which  have  no  inherent  tendency  to  stay  in  one 
place  awhvdo  the  molecules  of  a  solid.  Instead, 
the  molecules  of  gas,  since  they  are  ^mailer 
than  the  space  between  them,  move  about  at 
random  (but  in  straight  lines  until  they  collide 
with  each  other  or  with  other  obstructions). 
However,  this  movement  has  an  average  speed. 
When  gas  is  enclosed,  its  pressure  depends  on 
the  number  of  times  the  molecules  strike  the 
surrounding  walls.  The  number  of  blows  which 
the  molecules  strike  per  second  against  the 
walls  remains  constant  as  long  as  the  tempera- 
ture and  the  volume  remain  constant. 

If  the  volume  (the  space  occupied  \A  the  gas) 
is  decreased,  the  density  "'STtlie  gas  is  increased. 
Density  is  defined  as  mass  £er  unit  volume. 


An  object  that  contains  more  molecules  per  unit 
volume  is  said  to  be  denser  than  an  object  that 
contains  less.  Since  air  is  easily  compressed, 
density  is  tfirectly  proportional  to  pressure. 
With  an  increase  in  density,  the  number  of  blows 
against  the  wall  is  increased,  thereby  increasing 
the  pressure,  the  temperature  remaining  con- 
stant. Temperature  is  a  measure  of  the  mole- 
cular activity  of  the  gas  molecules  and  a  measure 
of  the  internal  energy  of  a  gas.  When  the  temp- 
erature is  increased,  there  is  a  corresponding 
increase  in  the  speed  of  the  molecules;  they  strike 
the  walls  at  a  faster  rate,  thereby  increasing  the 
pressure,  provided  the  volume  remains  constant. 

Temperature  is  therefore  closely  related  to 
the  volume,  pressure,  and  density  of  gases.  The 
earth'-s^Hnqsphere  (the  air)  is  a  mixture  of  gases. 

How  do  heag  and  humidity  influence  pressure? 
Moist  air  is  lighter  than  dry  air  and  so  exerts 
less  pressure.  An  increase  in  temperature  allows 
an  increase  in  moisture  content  and  lightens  air 
in  that  manner.  More  important,  heat  expands  air, 
which  also  makes  it  lighter  per  unit  volume. 

We  can  summarize  this  discussion  with  a  few 
statements  as  they  apply  to  the  atmosphere. 
They  are  as  folios: 

It  An  increase  in  atmospheric  pressure  re- 
sults in  an  increase  in  atmospheric  density.  Con- 
versely, a^  decrease  in  pressure  results  in  a 
decrease  of  density. 

2.  An  increase  in  moisture  in*the  air  de- 
creases atmospheric  density.  Conversely,  a  de- 
crease in  moisture  increases  the  density. 

3.  An  increase  in  temperature  causes  air  to 
expand  and  lowers  its  pressure  and  density.  It 

r  also  increases  its .  capacity  to  hold  moisture* 
Conversely,  a  decrease  in  temperature  contracts 
air  and  increases  its  pressure  and  density;  it 
also  decreases  the  atmosphere's  capacity  to  hol3 
moisture,    <*iJjfc  i 

The  laws" governing  the  behavior  of  gases  and 
mixtures  ofj^ases  ere  given  in  the  following 
sections. 

DALTON'S  LAWS 

The  laws  relative  to  the  pressure' of  a  mix- 
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ture  of  ^gases  weire.  formulated  by' the  English 
physicist,  John  Daltoiu  One  of  the  laws  states  that 
the  partial  pressures  of  two  or  more  mixed  gases 
(or  vapors)  are  the  same  as  if  each  filled  the 
space  alone.  The  other  law  states  that  the  total 
pressure  is  the  sum  of  all  the  partial  pressures 
of  gases  and  vapors  present  in  an  enclosure. 

Water  vapor,  in  the  atmosphere,  for  instance, 
is  independent  of  .the  presence  of  other  gases; 
the  vapor  pressure  is  independent  of  .tie  pres- 
sure of  the  dr#  gases  in  the  atmosphere,  and 
vice  versa.  The  vapor  pressure  for  any  given 
temperature  has  a  maximum  limit;  this  limit  is 
reached  when  the  air  is  saturated  (can  hold  no 
more  moisture  at  that  temperature  and  pres- 
sure). However,  the  total  atmospheric  pressure 
is  found  by  adding  all  the  pressures— those  of  the 
drj^air  and  the  water  vapor. 


BOYLE'S  LAW 

Boyle1  s  law  states  that  the  volume  of  a  gas 
is  inversely  proportional  to  its  pressure,  pro- 
vided the  temperature  remains  constant.  This 
means  that  if  the  volume  is  halved,  the  pressure 
is  doubled.  Boyle's  law,  as  -it  is  applied  to 
atmospheric  physics,  is  a  fundamental  law.  Since  * 
in  the  free  atmosphere  one  is  not  dealing  with  <#n- 
trolled  volumes  of  gas,  Boyle'  s  law  is  used  in  con- 
junction with  other  laws  to  provide  the  solution  to 
.various  problems  in  atmospheric  physics.  The 
fprmula  for  Boyle's  law  is  as  follows:  -    t  A 

vp  a  vV  ' 

V—initial  volume 
P— initial  pressure 
V— new  volume 
P^-new  pressure 

CHARLES'.  LAW 

'UT  the  section  on  the  kinetic  theory  of  gases, 
it  was  explained  that  the  temperature  of  a  gas  - 
Id  a  measure  of  the  average  speed  of  the  mole- 
cules of  the  gas.  It  was  also  shown  that  the 
pressure  the  gas  exerts  is  a  measure  .of  the 
number  of  times  per  second  that  the  molecules 
strike  the  walls  of  the  container  and  the  speed  , 
at  which  they  strike  it.  It  then  can  easily  be 
seen  that  if  the  temperature  of  a  gas  in  a  closed 
container  .is  raised,  the  speed  of  the  molecules 
within  the  gas  increases.  This  causes  the  mole- 


cules to  strike  the  side  of  the  container  more 
times,  per  second  and  with  more  force,  since  they 
are  moving  fastei^  Thus,  by  increasing  the 
temperature,  the  pressure  is  incteased.  -This 
is  stated  by  Charles'  law  in  the  following  manner: 
If  the  volume  of  an  enclosed  gas  remains  constant, 
the  pressure  is  directly  proportional  to  the  abso- 
lute temperature.- Therefore,  if  the  absolute  temp-'# 
perature  is^doubled,  the  pressure  ife  doubled;  if 
the  absolute  temperature  is  halved,  the  pressure 
is  halved. 

* 

Charles'  law,  aa.it  is  applied  to  atmospheric 
physics,  is  one  of  the  foundation  laws.  The fornuda 
for  Charles'  law  is  as  follows: 

^  V*  T 

VT'  =  V'  T,  or  it  .can  be  written  jy-  ^ 

V— Initial  volume 

T— Initial  temperature(absolute) 

V— New  volume 

T— New  temperature  (absolute) 

\ 

UNIVERSAL  GAS  LAW  -  ■ 

'  *  / 

The  universal  gas  law  is  a  combination  of 

Boyle's  law  and  Charles'  law.  It  states  that  the 
product  of  the  initial  pressure,  initial  ^olume, 
and  cew^temperature  (absolute  scale)  of  an  en- 
closed gas  is  equal  to  the  #  product  of  the  new 
*  pressure,  new  volume,  and  initial  temperature. 
It  is,  a  mathematical  3tatement  whereby  many 
gas  problems  can  be  sdlVed  involving  principles 
of  Boyle's  law  and/or  Charles' tlaw.  The  formula 
is  as  follows:  1  " 

"PVT^  pVt  ,  . 
\   —  f  , 

P— Initial  pressure        \.  t 
\    V—initial  volume  , 

T— initial  temperature(absolute) 

P— new  pressure  • 

V— new.volume  b  ■  . 

T^-new  temperatue(absblute) 

i  *  / 

EQUATION  OF  STATE      ^  ' 

The  EQUATION  OF  STAf  £  ia  a  general 
formula  which  gives  the  same  information  as 
Boyle'*s  law,  and  Charleys'  law.  It  involves  a  gas 
constant,  which  is 'a  valuer  assigned  each  gas. 
For  instance,  the  gas  constant  of /air  is  2,870^ 
iwhen  the  pressure  is  expressed  in  millibars  and 
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the  density  Is  expressed  lii  metric  tons  per  cubic 
meter.  The  constant  may  be  expressed  differently, 
depending  on  the  system  of  units  used.  The  follow- 
ing  formula  is  an  expression  of  the  equation: 

RT 

P— pressure  in  millibars 
yo  —  density 
R— gas  constant 

T— temperature  (absolute)'     *  . 


PASCAL'S  LAW  % 

Pascal's  law  relative  to  the  behavior  of 
FLUIDS  under  pressure  applies,  of  course,  to 
GASES  under  pressure,  all  of  which  means  that 
a  gas  transmits  undiminished  pressure  in  all 
directions  and  on  all  parts  of  the  enclosing  wall. 
The  law  states  that  when  an  external  pressure  is 
applied  to  any  confined  fluid  at  rest,  the  pres- 
sure is  increased  at  every  point  in  the  fluid 
by  the  amount  of  external  pressure  applied. 
This  means'  that  the  pressure  of  the  atmosphere 
is  exerted  not  only  downward  on  the  surface 
of  an  object,  but  also  in  all  directions  against 
a  surface  which  is  exposed  to  the  atmosphere. 


BERNOULLI'S  THEOREM 


According  to  Bernqujli's  theorem,  pressures 
are  least  wherV  velocities  are  greatest,  and 
pressures  are  greatest  where  velocities  are 
least.  This  is  true  of  liquids  and  gases.  (See  fig. 
40.> 

One  of  the  practical  uses  of  the  theorem  as 
apolfed  to  meteorology  is  for  forecasting  winds 
of  \  certain  kind.  For  the  purpose  of  illustra- 
tioiu  the  Santa  Ana  wind  is  used.  The  condition 
w>rlch  produces  this  wind  is  a  high-pressure  area 
Jth  a  strong'  pressure  gradient  situated  near 
Salt  Lake  City,  Utah.  This  gradient  directs  the 
.windflow  into  a  valley  leading  to  the  town  of 
Santa  Ana  near  the  coast  of  California.  As  the 
wind  enters  the,  valley,  its  flow  is  sharply  re- 
stricted by  the  funneling  effect  of  the  mountain 
sides.  This  restriction  causes  the  wind  speed 
to  increase,  bringing  about  a  drop  in  pressure 
in  and  near  the  valley.  This  pressure  drop  caused 
by  the  Bernoulli  effect  is  a  valuable  forecasting 
aid  in  predicting  this  type  of  wind. 
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Figure  40.— Example  of  Bernoulli's  theorem. 

ARCHIMEDES'  PRINCIPLE 

Archimedes'  principle  States  that  a  body 
completely  or  partially  ^submerged  in  a  fluid 
experiences  an  upward^  force  equal  to  the  weight 
of  the  fluid  displaced.  Archimedes'  principle 
of  buoyancy  is  also  at  work  in  the  atmosphere, 
for  the  air  is  a  fluid  and  it  has  a  lifting  effect 
upon  everything  which  it  surrounds.  This  buoyant 
foxpe  is  equal  to  the  weight  of  the  air  which  is  dis- 
placed. Consequently,  the  atmosphere,  through  its 
buoyancy,  exerts  a  greater  pressure  upward  on  the 
bottom  of  an  object  than  it  does  downward  on  the 
top  of  an  object.  Knowing  that  the  lifting  effect  of 
the  air  is  equal  to  the  weight  of  the  air  displaced, 
you  may  determine  the  total  lift  -of  a  balloon  as 
being  almost  equal  to  the  weight  of  the  air  dis- 
placed, minus  »the  weight  of  the  gas  used  for 
inflation, 

AVOGADRO'S  NUMBER  * 

It  was  the  hypothesis  of  Avogadro  that  equal 
volumes  of  all  gases  under  the  same  pressure  and 
temperature  contain  the  same  number  of  mole- 
cules. The  number  of  molecules  in  a  gram  mole- 
cule of  gas  is  knowiTSs  AVOGADRO' SNUMBER^a 
gram  molecule,  of  any  gas  contains  6i02  x  10 
molecules  and  at  0#C  ap^  *76  cm  pressure  occupies 
a  volume  of  22,414  cm  .  A  gram  molecule  is  the 
mass  of  a  compound  equaLnumerically  to  the  value 
of  its  molecular  weight;  likewise,  a  gram  atom 
is  the  mass  of  an  element  numerically  equal 
to  the  value  of  its  atomic  weight. 


HYDROSTATIC  EQUATION 

The  HYDROSTATIC  LAW  states  that  the 
difference  in  pressure  between  two  points  at 
different  levels  in  a  piass  of  fluid  at  rest  is 
equal  to  the  freight  of  a  column  qf  the  fluid  of  a 
unit  cross  sectioh  reaching  vertically  from  one 
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level  to  another. 

For  the  atmosphere,  the  hydrostatic  law 
stales  that  the  difference  in  pressure  between  two 
points  in  the  atmosphere,  one  above  the  other,  is 
.  equal  to  the  weight  of  the  air  column  between  the 
two  points.  Although  these  two  laws  are  ess'ent- 
ially  the  same,  th^re  are  two  variables  which  must 
be  considered  when  applied  to  the  atmosphere. 
They  are  temperature  and  density, 

r 

From  Charles1  law  it  was  learned  that  when 
the  temperature  increases,  the  volume  increases 
and  the  density  decreases.  Therefore,  the  thick- 
ness of  a  layer  of  air  will  be  greater  when  the 
temperature  is  increased.  To  find  the  height  of  a 
pressure  surface  in  the  atmosphere  (such  as  in 
working  up  an  adiabatic  chart),  you  must  take  these 
two  variables  into  consideration. 

In  the  computation  of  a  radiosonde  observa- 
tion, a  set  of  tables  has  been  computed  and  the 
density  has  been  incorporated  in  these  tables. 

The  thickness  of  a  layer  can  be  determined 
by  the  following 'formula: 


Z  »  (49,080  +  10 7t) 


Po-  P 
Po  +  P 


Z— altitude  difference  ih  feet 

(thickness  of  layer) 
t— mean  temperature  in  degrees 

Fahrenheit 
Po— pressure  at  the  bottom  point 

of  the  layer,  - 
P— pressure  at  the  top  point  of  the  layer 


layer 


For  .example,   let  -tOTassume  that  ♦a 
of  air  between  800  and  700  ^|tibars  has  a 
mean  temperature  of  30°F.  Applying  the  formula, 
we  obtain  the  following  value; 


Z  a  (49,080  +  107  x  30) 


800  -  700 
800  +  700 


Z  *  (49,080  +  3,210) 


(52,290)-^ 


100 
1,500 


Z  m  3t486  feet  (1,063  meters) 


We  can 
EQUATION  to 
following  formula: 


aTso  apply  the  HYDROSTATIC 
the  hydrosphere  by  using  the 


p  -  pressure  of  the  "water  column 

-  density  of  the  water  column 
g  -  acceleration  of  gravity 
h  -  height  of  the  water  column 

t 

CHANGE  OF -STAT F 

A  change  of  state  (or 'change  of  phase)  of  a 
substance  describes  the  change  of  a  substance 
from  a  solid  to  a  liquid,  liquid  to  a  vapor,  vapor 
to  a  liquid,  liquid  to  a  solid,  solid  to  vapor,  or  • 
vapor  to  a  solid^In  meteorology  we  are  concerned 
primarily  with  the  change  of  state  of  water  in  the 
air.  Water  is  present  in  the  atmosphere  in  any 
or  all  of  the  three  states  (solid,  liquid,  and  vapor) 
and  changes  back  ai-id  forth  from  one  state  to 
■  another.  The  mere  presence  of  water  is  import- 
ant, but  the  change  of  state  of  the  water  in  the 
air  is  more  important  because  the  change  of  state 
of  water  affects  the  weather  dire9tly.  The  solid 
state  of  water  is  in  the  form  of  ice*  crystals;  the 
liquid  state  of  water  is  in  the  form  of  raindrops; 
and  the  vapor  state  of  water  is  in  the  form  of  the 
unseen  gas  in  the  air.  Clouds  and  fogs  are  com- 
posed of  tiny  droplets  of  water,  not  of  water  vapor* 

Energy  is  involved  in  the  various  changes  of 
state  which  occur  in  the  atmosphere.  The  energy 
involved  in  the  various,  changes  of  state  is  primar-  * 
ily  in  the  form  of  heat.  TJie  heat  which  is  used  by 
the  substance  in  changing  its  state  is  referred  to 
as  the  latent  heat  and  is  usually  stated  in  calories. 
The  calorie  is  a  unit  of  heat,  energy.  It  is  the 
amount  of  heat  required  to  raise  the  temperature 
of  1  gram  of  water  VO.  A  closer  look  at  some  of 
the  major  changes  of  state  of  the  atmospherehelps 
to  clarify  latent  heat. 


EVAPORATION 

Evaporation  is  the  physical  process  in  which 
a  liquid  is  changed  to,- a  gaseous  state. 

Water  'undergoes  the  process  of  evaporation 
when  changing  from  the  liquid  to'  gaseous*  state. 
According  to  the  molecular  theory  of  matter, 
all  matter  consists  of .  molecules  in  motion.  The 
molecules  in  a  -  bottled  liquid  are  restricted  ,  in 
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their  mottok  by_the  walls  of  the  container.  How- 
ever, on  a  free  surface  exposed  to  the  atmos- 
phere, the  motton  x>f  "the  molecules  In  the  liquid 
is  restricted  by  the  weigit  of  the  atmosphere  d'r, 

^  more  precisely,  by  the  atmospheric  pressure. 
If  the  speed  of  the  liquid  molecules  is  sufficiently 
high,  they  escape  from  the  surface  of  the  liquid 

-  into  the  atmosphere.  As  the  temperature  of  the 
liquid  is  increased,  the  speed  of  the  molecules 
is  increased,  and  the  rate  at  which  the  molecules 
escape  from  the  surface  also  increases.  Evap- 
oration takes  place  only  fron  the  free  surface 
of  a  substance. 

During  the  process  of  evaporation,  heat  is 
absorbed  by  ..the  ttater  being-  vaporized.  -The 
amoyg**  absorbed  is  approximately  539  calories 
per  gram  <  of  water  at  a  temperature  of,100°C. 
On-  the  other  hand,  the  amount  is  597.3  calories  " 
if  the  evaporation"  takes  place  at  (TC  This 
energy  is  required  to  keep  the  molecule?  in  the 
vapor  state  and  is  called  the  latent  heat  of 
vaporization.  Since  the  w,ater  needs  to  absorb 
heat  in  order  to  vaporize,  heat  must  be  supplied 
or  else  evaporation  cannot  take  place.  The  air 

.provides  this  heat.  For  this  reason,- evaporation 
is  said  to  be  a  cooling  process,  because  by  - 

.supplying,  the  heat  ftfr  vaporization,  the  tem- 
perature of  the  air  is  lowered. 


FUSION 


Fusion  is  the  change  of  state  from  a  solid 
to  a  liquid  at  the  s^me  temperature.  The  num- 
ber of  gram  calories  of  hfcat  necessary  to  change 
1  gram  of  a  substance  from  the  solid  fcrthe 
liquid  state  is  known  as  the  heat  of  fusion.  To 
change  1  gram  of  ice  to  1  gram  of  water  at _a 
constant  temperature" and  pressure  required 
roughly  80  calories  of  heat. 

Latent  heat  of  fusion  is  the  heat  released  by 
the  liquid  when  a  liquid  changes  into  a  solid. 
Since  it  requires  80  calories  to  change  1  gram 
of  ice*to  1  gram  of  water,  this  same  amount  of 
heat  is  released  when  1  gram  of  water  is  changed^ 
to  ifce;  therefore,'  the  latent  heat  of  fusion  cf 
waters  about  80  calories.    -  ' 

SUBLIMATION 

Sublimation  is  the  change  of  state  from  a 
solid  to  a  vapor  at  the  §ame  temperature.  The 
heat  of  sublimation  equals  the  heat  of  fusion^ 
plus  the  heat  of  vaporization  Tor  a  substance. 
The  calories  required  for  water  to  sublime  are: 
80  +  597,3  =  677,3,  if  the  vapor  has  a  tempera- 
ture of  CTC,  (See.figure  41.) 


When  evaporation  takes  place  throughout  the 
water,  it.  is  called  boiling.  For  water  to  boil, 
heat  must  be  added  to  the  water  from  another 
scfurce.  Since  boiling  has  no  application  in  meteor- 
ology, it  is  not  discussed  any  further.* 


CONDENSATION 


CRYSTALLIZATION 

The  process  of  vapor  passing  directly  into 
the  solid  form  without  going  through  the  liquid 
phase  is  called  crystallization.  This  process, 
as  well  as  its  reverse,  is  often  called  sublima- 
tion in  meteorology,  (See  fig.  41,) 


Basically,  condensation  is  the  opposite  of 
evaporation,   in  that  water  vapor  undergoes  a 
change  in  state  from  gas  to  liquid.  However^ a- 
condition  of  saturation  must  be  fulfilled  befor^^S? 
condensation  can  occur;  -  that  is,  the  air  must  ^ 
contain  ail  me  water  "vapor  ifcan  hold  (100% 
relative  humidity)  before  any  of  it  can  condense 
from  the  atmosphere. 


The  calories  liberated-by  crystallization  arc 
the  same  as  those  for  sublimation.  Crystalliza- 
tion frequently  takes  place  in  the  atmosphere 
when  supercooled  water  vapor  crystallizes  di- 
J^ctly  into  ice  crystals  and  forms  cirrlform 
louds. 


SPECIFIC  HEAT 


In  the  process  of  condensation,  the  heat  that 
was  absorbed  in  evaporation  is  released  from  the 
water  vapor  into  the  air  and  ist  called  the  latent 
heat  of  condensation. 


The  specific  heat  of  a  substance  shows  how 
many  calories  of  heat  it  takes  to  raise  the  tem- 
perature of  that  substance  1°C.  Since  it  takes 
1  calorie  to  raise  the  temperature  of  1  gram  of 
water  VC,  the  specific  heat  of  water  is  1.  The 
specific  heat  of  a  substance  plays  a  tremendous 
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Figure  41.— Thermal  history  of  1  gram  of  t<$e. 


role  in  Marine  Science  because  it  is  tied  directly 
to  temperature  changes.  -For  instance,  the  spe- 
cific heat  of  the  earth  In  general  Is  0.25.  This 
means  it  takes  only  0.25  calorie  to  raise  the 
temperature  of  1  gram  of  earth  1°C,  Stated 
another  way,  the  earth  heats  and  cools  four  times 
as  fast  as  water. 

From  this  you  can  see  that  ocean  weather 
is  mllder^and  less  extreme  In  temperature  than 
continental  weather  because  it  takes  four  times 
as  long  (or  four  times  as  much  heat/cooling) 
ior  water  to  both  heat  and  cool. 

The  specific  heat  of  various  land  surfaces  is 
also  different,  though  the  difference  between  one 
land  surface  and  "another  is  not  as  great  as  be- 
tween land  and  water.  Dry  sand  or  bare  rock  has 
t£e^  lowest  specific  heat.  Forest  areas  have  the 
highest  specific  heat.  This  difference  in  specific 
heat  is  another  cause  for  differences  in  temper- 
ature for  areas  of  different  types  of  surfaces 
which  are  only *a  few  miles  apart. 

The  specific  heat  of  ice  is  0.421  and  that  of 
steam  is  0.502.  These  specific  heats  are  reflected 
in  the  thermal  history  of  1  gram  of  ice  as  shown 
in  figure  41.  T*hey  also  point  out  the  tremendous 
amount  of  energy  involved  in  the  fusion,  sublimat- 
ion, and  vaporization  processes  in  the  atmosphere. 


Energy  cannot  be  created  or  destroyed;  how- 
ever, it  can  be .  transformed  from  one  type  of 
energy  into  another.  Even  the  amount  that  seems 
to  be  lost  can  be  accounted  for  in  the  form  of 
light,  sound,  heat,  and  the  like. 


PRESSURE  VERSUS  DENSITY 

Although  very  light,  air  has  weight  and  is 
affected  by  gravity.  By  its  weight,  air  exerts 
pressure  on  everything  it  touches*  Since  air 
is  a  gas,  its  weight  becomes  a  fluid  pressure, 
exerted  in  all  directions  (Pascal's  law). 

Principal  pressure  variation  comes  about 
with  change  in  altitude.  Pressure  at  any  point 
in  a  colymn  of  water,  mercury,  or  any  fluid, 
depends  upon  the  weight  of  the  column  above  that 
point.  In  the  same  manner,  air  pressure  at  a 
given  altitude  is  determined  by  the  weight  of  the 
air  pressing  down  from  above.  Air  pressure  at 
sea  level  averages  1,013  millibars  (14.7  pounds 
per  square  inch). 

The  weight  and  compression  of  the  atmos- 
phere cause  the  molecules  of  the  air  to  be  closer 
together  and  more  numerous  at  the  bottom  of  the  . 
atmosphere,  or  where  It  rests  upon  the  earth's 
surface.  This  means  that  the  air  at  the  bottom 
of  the  atmosphere  is  denser  than  it  is  at  higher 
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altitudes. 

At  the  bottom  of  the  atmosphere,  where  the 
density  of  the  air  is  greatest,^  the  greatest 
amount  of  atmospheric  pressure  is  exerted.  By 
definition,  atmospheric  pressure  is  a  force  per 
unit  area.  Force  is  equal  to  mass  multiplied 
by  acceleration.  There  is  a  change  of  pressure 
whenever  either  the  mass  of  the  atmosphere  or 
the  accelerations  of  the  molecules  within  the 
atmosphere  are  changed".. 

Although  altitude  exerts  the'  dominant  con- 
trol, temperature  and  moisture  alter  pressure 
at  any  given  altitude,  especially  neaf  the  earth's 
.  surface  where  heat  and  humidity  are  most  abund- 
ant. The  pressure  variations  produced  by  heat  and 
humidity  (with  heat  operating  as  the  senior  partner)  • 
cause  the  turbulence  and^wind  that  help  to  make 
our  weather. 


m  MET  HODS  OF  HEAT  TRANSFER 

The,  atmosphere  is  constantly  gaining  and 
losing  heat,  and  heat  is  being  transported  from 
one^part  of  the  world  to  the  other  by  wind  move-, 
ments.  It  is  due  to  the  inequalities  in  g^in  and 
loss  cf  heat  that,  the  air  is*  almost  constantly  in 
motion.  The  morions  and  heat  transformations 
are  directly  expressed  by  wind  and  weather.  In 
Marine  Science,  one  is  concerned  with  three  meth- 
ods of  heat  transfer.  They  are  conductidn,  con- 
vection, and  radiation.  Heat  is  transferred  from 
the  earth  directly  to  the  atmosphere  by  radiation 
and  conduction,  and  wfthin  the  atmosphere  by 
radiation,  conduction,  and  convection.  A  form 
of  convection,  or  advectior>,  is  used  in  a  special 
manner  in  Marine  Science;  it  is  discussed  as  a 
separate  method  of  heat  xransf er, 

RADIATION 

Radiation  refers  to  the  process  by  which 
electromagnetic  energy  is  propagated  through 
^pace.  Radiation  occurs  at  _the"  speed  of  light, 
-that  is,  about  186,300  ~xriiies  pe'r  second.  Ra- 
diation travels  in  straight  lines  and  does  not 
need  2  material  mediunT  through  .which  to  pass. 
It  is  th£  mosK  important  single  means  of  heat 
transfer  for  the  earth  as  a  whoJe,  All  of  the  heat 
the  earth-  receives  is  by  radiation. 

*  * 

CONDUCTION       '"  ^   -       •  • 

t  Conduction  is  the^transfer  "of  heat  from 
warmer  to  colder  *  matter  by  contact.  Although 


of  secondary  importance  in  the  heating  of  the 
atmosphere,  it  is  a  means  by  which  air  close  to 

_  the  surface  of  the  earth  heats  during  the  day  and 
cools  during  the  night.  Even  if  air  is  a  poor 

-conductor  (as  shown  by  the  use  of  dead  airspace 
in  Thermopane  glass  and  the  airspaj^s  used  as 
insulation  in  buildings),  the  heating  and  cooling 
of  air  at  the  immediate  surface  of  the  earth  are 
accomplished  by  conduction. 

CONVECTION  * 

Convection  is  the  transfer  of  heat  from  one 
place  to  another  by  bodily  transfer  of  the  matter 
containing  it.  In  Marine  Science,  the  term  '  'con- 
vection" is  normally  applied  to  vertical  transport. 

Vertical  transfer  of  heat  is  accomplished  . 
by  the  motion  of  warm  air  to  higher  fevels  and 
the  descent  of  cold  air  to  lower  levels  where,  by 
radiation  and  conduction,  it  can  absorb  heat  from 
the  earth.  Convection  currents  are  turbulent 
and  cause  bumpiness  in  the  air.  On  a  calm, 
sunny  day,  air  rises  over  highways  and  settles 
over  nearby  rivers;  this  is  mainly  due  to  con- 
vection. ,  ^ 


ADVECTION 

Horizontal  transfer  of  heat  is  accomplished 
by  motion  of  the  air  from  one  latitude  and  lon- 
gitude to  another-.  It  is  of  major  importance  in 
the  exchange  of  air  between  polar  and  equatorial 
regions.  Much  more  heat  16  transported  from 
-*-P&ce  to  place  by  the  process  of  advection  than 
by  any  of  the  other  methods  of  heat  transfer,  this 
can  be^easily  understood  when  you  think  of  the  fact 
that  the  air  is  alinost  always  in  motion  at  all 
levels  of  the  atmosphere.  " 

Transfer  of  heat  by  advection  is  accom- 
plished not  only  by  the  transport  of  warm  air, 
but  also  by  the  transport  of  warm  vapor  which 
releases  heat  when  condensation  occurs. 


ENERGY  CONSIDERATIONS- 
.     STABILITY  AND  INSTABILITY 


ATMOSPHERIC  ENERGY  CONSIDERATIONS 

ENERGY  has  previously  been  defined  as  the 
capacity  to  perform  work.  There  are,  two  basic 
kinds  of  energy.  They  .are  KINETIC  and'POTEN- 
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TIAU  Kinetic  energy  is  ability  to  perform  work 
due  to,  motion,  potential  energy  is  ability  to 
perform  work,  due  to  position  or  condition.  The 
term  "kinetic"  is  used  for  energy  due.  to  present 
motion,  whereas  the  term  "potential"  applies 
to  energy  stored  for  latexfcaction. 

The  kinetic  theory  of  gases  is  very  helpful 
in  understanding  the  behavior  of  gases.  Gases, 
like  other  substances,  consist  of  molecules, 
Unlike  solids,  molecules  of  gas  have  no  in- 
herent tendency  to  stay  in  one  place.  Instead, 
gas  molecules,  since  they  are  smaller  than 
the  space  between  them,  move  about  at  random 
(but  in  straight  lines  until  they  collide  with 
each  Qther  or  with  other  obstructions).  Their 
movement  has '  an  average  speed  at  a  given 
temperature.  When  gas  is  enclosed,  its  pressure 
depends  on  the  number  of  times'  the  molecules 
strike  the  surrounding  walls  in  a  unit  of  time. 
The  number  of  times  the  molecules  strike  per 
unit  of  time  against  the  walls  remains  constant 
as  long  as  the  temperature  and  the  volume 
remain  constant.  If  the  volume  (the;  space  oc- 
cupied by  the  gas)  Is  decreased,  the  density 
of  the  -gas  is  increased,  and  the  number  of 
blows  against  the  walls  is  increased,  thereby 
increasing  the  pressure.  When  the  temperature 
is  increased,  there  is  a  corresponding  increase 
in  the  speed  of  the  molecules;  they  strike  the 
walls  at  a  faster  rate,  increasing  the  pressure, 
provided  that  the  volume  remains,  constant. 

According  to  the  kinetic  theory  of  gases,  the 
temperature  of  a  gas  is  dependent  upon  the  rate 
at  whioh  the  molecules  are  moving  about  and  is 
proportional  to  the  kinetic  energy  bf  the  moving 
m  olecules.  The  kinetic  energy  of  the  moving  mole- 
cules of  a  gas  is  the  internal  energy  of  the  gas,  and 
it  follows  that  an  increase  in  temperature  is  ac- 
companied by  ah  increase  in  the  internal  energyH 
of  the  gas.  Likewise,  an  increase  imthe  internal  I 
energy  results  in  an  increase  in  the  temperature] 
of  the  gas.  .   m  5? 

Aq  increase  in  the  temperature  of  a  gas 
or  in  its  internal  energy  can  be  produced  by 
the  addition  of  heat  or  by  performing  work  on  the 
gas.  A  combination  of  these  can  likewise  produce ' 
an  increase  in  temperature  or  internal  energy. 
This  is  in  accordance  with  the  first  law  of  ther- 
modynamics. 

In  the  application  of  the  first  la\v  of  tiier- 
modynamics  to  a  gas,  it  may  , be  said  that  the 


[two  main  forms  of  energy  are  internal  energy 
ad  work^energy.  Internal  energy  is  manifested 
as  sefasible  heat  or  temperature;  work  energy 
is  manifested  as  pressure  changes  in  the  <g£s. 
In  other  words,  work  is  required  to  increase 
the  pressure  of  a  gas  and  work  is  done  by  the 
gas  when  the  pressure  diminishes.  It  follows, 
then  that  if  internal  (heat)  energy  is  added  to 
a  simple  gas,  this  energy  must  show  up  as 
an  increase  in  either  temperature  or  pressure, 
or  both*.  Also,  if  work  is  performed  on  the  gas, 
the  work  energy  must  show  up  as  an  increase 
in  either  pressure  or  temperature,  or  .both. 


Consider  air  in  a  cylinder,  which  is  en- 
closed by  a  piston.  In  accordance  with  the  first 
law  of  thermodynamics,  any  increase  in  the 
pressure  exerted  by  the  piston  results  in  work 
being  done  on  the  air.  As  a  consequence,  either 
the  temperature  and  pressure  must  be  increased 
or  the  heat  equivalent  of  this  work  must  be 
transmitted  to  the  surrounding  bodies.  In  the 
case  of  a  plain  compressor,  this  work  done 
by  a  piston  is  changed  into  an  increase  in_the 
temperature  and  the  pressure  of  the  air.  ft 
also  results  in  some  increase  in  the  temper- 
ature of  the  surrounding  body. 


If  the  surrounding  body  is  considered  to  be 
insulated  so  that  it  is  not  heated,  there  is 
do  heat  transferred,  and  the  air  must  acquire 
this  additional  energy  as  an  increase  in  tem- 
perature and  pressure.  The  process  by  whiph 
a  gas,  such  as  air,  i&  heated  or  cooled. with- 
out heat  being  added -to  the  gas  or  takenaway 
is  called  an  adiabatic  process. 


In  "the  atmosphere,  adiabatic  and  nonacfiabatic 
processes  are  taking-  place  continuously.  The 
air  near  the  ground  is  receiving  heat  from 
~:px^  gtyipg  heat  to  the  ground.  These  are  non- 
artfiabatic  processes.  However,  in  ttfe  free  a^mos- 
phere  somewhat  removed  from  the, earth's  sur- 
face,, thfe  short-period  processes  are  a'diabatic. 
When  a  parcel  of  air  is  lifted  in  the  free  atmos- 
phere, it  encounters  areas  of  decreasing  pres/ 
sure.  To "  equalize  this  pressure,  the  parcel 
must  expand.  In  expanding,  it  is  doing  work. 
In"  doing  work,  it  uses  heat.  This  results  in 
a  lowering  of  temperature,  as  well'  as  a  de- 
crease in  the  ^pressure  and  density.  When  a 
parcel  of  air  descends  in  the  free  atmosphere, 


it  encounters  areas  of  increasing  pressure.  To" 
equalize  the  pressure,  the  parcel  must  contract. 
In  doing  this,  work  is  done  on  the  parcel..  This 
work  energy,  which  is  being  added  to  the  parcel, 
shows  up  as  an  increase  in  temperature.  The 
pressure  and  density  increase  in  this  qase, 
too. 


LAPSE  RATES 

_  The  rate  of  cooiing  that  a  parcel  of  air 
undergoes-  as  it  ascends  in  the  free  atmos- 
phere (or  the  rate  of  heating  as  it  descends) 
is  known  as  the  ADIABATIC  LAPSE  RATE. 
For  unsaturated  air  the  rate*  of  change  is  1*C 
per'  100  meters  or  5  1/2*  F  per  1,000  feet. 
,This  is  known  as  the  DRY  ADIABtfflC  LAPSE 
RATE.  ^  For  saturated  air  the  rate  of  change 
is  different."  When  a  'parcel  of  saturated  air 
ascends  in  the  free  atmosphere,  the  rate  of 
change  is  known  as  the  SATURATION  ADIA- 
BATIC LAPSE  RATE.  (See  table  19.) 


The  saturation  adiabatic  lapse  rate  is  the 
result  of  the  condensation  that  takes  place  in 
a  saturated  parcel  of  air  as  it  ascends  above 
the  condensation  level.  For  each  gram"  of  water 


coirdenjsred;  about  600-  calories  of  heat  are  lib- 
erated. The  latent  heat  of  condensation  is  ab- 
sorbed by  the  air.  Consequently,  the  lapse  rate 
becomes  less  than'  the  dry  adiabatic  lapse 
rate. 

The  mean  slope  pf  the*  saturation  adiabat 
may  be  taken  as  approximately  0.55#C  per  100 
meters  or  3#F  per  1,000  feet.  The  term  MEAN 
SLOPE  .is  used  because  the  saturation  adia- 
'  batic  lapse  rate  increases  with  altitude.  This 
is  ^  a  result  of  the  decrease  of  water  vapor 
with  altitude;  consequently,  there  is  a  decrease 
in  the  total  heat  of  condensation  which  is. lib- 
erated. 

The  normal  or  average  decrease  of  temper- 
ature with  height  is  known  as  the  normal  or  aver- 
age lapse  rate.  The  normal  lapse  rate  is  about 
3  1/2*  F  per  lt000  feet  up  to  the  tropo- 
pausfe.  However,  the  actual  lapse  rate  in  the 
atmosphere  at  any  given  time  depends  on 
turbulence,  radiation  processes,  conduction  of 
heat  near  the  ground,  or  the  transport  of  air 
by  horizontal  advection  in  the  upper  layers. 
Condensation  of  moisture  or  evaporation  also 
affects  the  lapse  rate  by  the  addition  or  re- 
moval of  the  heat  of  condensation.  Figure  42 
shows  some  of  the  various  types  of  lapse  rates 
'  which  may  be  found  in  the  atmosphere. 


Table  19.— Lapse  rates  of  temperature. 


Lapse  rate 

.  Per  1,000 

Per  100 

* 

'  feet 

meters 

Dry  adiabatic 

5  1/2°  F 

Vc 

Saturation  (moist) 

adiabatic . 

2-3°  F 

.55*  C 

Average 

3.3*  F 

.85*  C 

Superadlabatlo 

5  1/2-15*  F 

1-3.42' C 

Autoconvective 

More  than 

More  than 

15*  F 

3.42*  C 
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Figure  42.— Lapse  rates  in  the  atmosphere. 


Reversible  Process 

The  REVERSIBLE  PROCESS  is  based  upon 
the  assumption  that  no  condensed  water  falls  as 
precipitation,  but  js  carried  withjhe  ascending 
parcel.  The  ascending?  parcel  undergoes  several 
stages  as  follows: 

1.  The  dry  stage,  where  the  parcel  is 
lifted  dry  adiabatically  to  saturation. 

2.  The  rain  stage,  *where  all  water  vapor 
exceeding  the  saturation  amount  is  condensed  ' 
out  of  the  parcel. 

3.  The  hail  stage,  occurring  at  0°  C  when 
the  parcel  rises  isothermally  because- the  ex- 
pansional  cooling  is  offset  by  the  heat  of  fusion 
being  released  when  the  uncondensed  water  is 
frozen . 

4.  The  snow  stage,  when  the  excess  mois- 
ture is  changed  directly  from  a  vapor  to  a 
solid  (snow).  -  ; 

The  process  is  reversible,*  since  the  parcel 
reaches  the  top  of  the  atmosphere  with  the 
same  water  content  with  which  it  started. 
JJpon  its  descent,  the  same  stages  will  occur 
in  reverse  order  and  the  parcel  arrives  at 
the  original  level  (pressure)  with  the  same 
temperature* as  before. 

Irreversible  Process  • 

We  IRREVERSIBLE  PROCESS  is  based  upon 
the    assumption    that    all     excess  water 


which  is  condensed  from  the  air  will  fall 
immediately  asairpcipitation.  The  stages  in  this 
process  are  nlsfrly  similar  to  the  reversible 
process,    j  ^ 

1..  The*  •  dry  stage  is  the  same  as  the 
reversible.  > 

2.  The  rain  stage  is  the 'same  as  the 
reversible  except  that  moisture  falls  as  rain. 

^3.  The  hail,stage4s*eliminated,  since  there 
is  no  liquid  to  change  intb  ice. 

4.  The  snow  stage  is  the  s&me  as  Ihe 
reversible  except  that  excess  moisture  con- 
denses and  falls  as  snow. 4* 

The  parcel  Ts  dry  by  the  time  it  reaches 
the  top  of  the  atmosphere;  therefore,  it  must 
descend  dry  adiabatically,  and  the  temperature 
is  therefore  much  higher  upon  reaching  the 
original  level.  * 

The  irreversible  process  closely  approxi- 
mates the  actual  conditions  in  the  atmosphere; 
therefore,  it  is  placed  upon  the  AROWAGRAM 
in  the  form  of  saturation  adiabats. 

Figure  43  shows  the  various  stages  during 
the  ascent  and  descent  of  air  in  the  irreversible 
process. 

If  a  parcel  of  air  (A)  follows  the  dry  adia- 
batic  lapse'  rate  to  the  1,000-mb  line,  the 
temperature  at  thatpoint  (P)  tsthe  potential  tem- 
perature. If  the  parcel  continues  up  the  dry 
adiabat  to  the  saturation  ^»oint  (S),  condensa- 
tion will  begin  and  the  parcel  will  , follow  the 
saturation  adiabat  through  the  rain  stage  (S-H). 
When  the  temperature  falls  below  freezing,  the 
condensation  will  be  in  the  form  of  snow  (H-D).  , 


Figure  43. —The  irreversible  process. 
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^;c^ually*in  nature," supercooled" wat^f  cfFc^els 
may  form  even  below  the  freezing  point.  When 
all  the  moisture  has  condensed,  all  of  the  latent 
heat  of  condensation  has  been  added  to-the  air, 
and  if  the,  parcel  is  then  brought  back  to  the 
1,000-mb  level,  it  will  follow  the  dry  adiabatic 
lapse  rate  (D-E)  and  arrive  back  at  this  level 
with  a  temperature  of  E.  This  hypothetical 
temperature  is  called  the,  equivalent  potential 
temperature. 

CONDENSATION  AND  PRECIPITATION 

The  CLASSIC  CONDENSATION  THEORY  is 
the  theory  used  when  making  thermodynamic 
computations,  such  .as  ,  on  the  AROWAGRAM. 
It  is  perfectly  valid  for  these  computations. 

*  In  this  theory  it  is  assumed  that  water  is 
entirelyHn  vapor  form  until  100 percent  relative 
humidity  is  reached,  and  then  it^  changes  to 
liquid  or  ice.  It  assumes  that  liquid  drops 
do  not  exist  at  a  temperature  below  freezing; 
and  below  freezing  only  direct  crystallization 
or  sublimation  occurs. 

When  attempting  to  explain  the  actual  proc- 
ess of  condensation  and  precipitation  in  the 
Itmosphere,  the  CLASSIC  CONDENSATION 
THEORY  is  no  longer  completely  valid.  These 
are  some  of  the  defects  in  the  theory: 

1.  Clouds,  and  especially  fog,  are  likely 
to  occur  at  less  than  100  pet-cent  relative 
humidity.  The  whole  process  of  formation  of 
a  droplet  is  a  continuous  one  that,  however, 
is  most  rapid  at  100  percent  humidity. 

2.  Liquid  droplets  supercooled  to  tem- 
peratures several  degrees  below  freezing  are  so 
common  in  the  atmosphere  as  to  be  regarded 
as  the  rule  rather  than  the  exteptign. 

3.  Liquid  drops  not  only  exist  at  tempera- 
tures below  freezing,  but  new  condensation  oc- 
curs at  these  temperatures  as  well  as  direct 
sublimation. 

Before  condensation  can  occur  in  the  free 
atmosphere,  the  temperature  of  the  air  must 

*  be  reduced  to  near  the  dewpoint,or  the  moisture 
content  must  be  increased  so  as  to  increase 
the  dewpoint  .linear  the  temperature.  In  labo- 
ratory experiments,  it  has  been  proved  that 
even  these  conditions  will  not  induce  conden- 
sation if  the  air  is  pure.  It  was  proved  that  in 
pure  air  a  supersaturation  of  400  percent  was 
possible  before  condensation  occurred. 

There  are  also  several  other  observations 
which  do  not  conform  to  these  theories.  Drizzle 
may  fall  out  of  stratus  or  stratocumulus  layers 


that  do  not  extend  into  the  freezing  tempera*- 
tures.  particularly  at  sea  and  in  coastal  dis- 
tricts with  onshore  winds.  In  the  Tropics,  and  , 
also  i#*warm  maritime  air  masses  in  tem- 
perate latitudes,  cumulus  has  been  observed 
to  yield  light,  moderate*  and  even  heavy  ram 
though  the  tops  did  not  extend  above  the  freezing 
level. 

The  explanation  for  the  latter  phenomenon 
appears  to  \>e  that  in  the  Tropics,  where  the 
freezing  level  is  high,  cumulus  can  develop 
to  such  great  depths  without  reaching  0*C  and 
that  coalescence  between  cloud  droplets  becomes 
effective  enough  to  result  in  appreciable  rain. 
Whenlhe  cloud  droplets  are  of  initially  different 
sizes  and  hence  have  different  settling  rates, 
some  of  them  will  collide  and  coalesce.  This  * 
increases  their  settling  rate,  and  consequently, 
the  number  of  collisions  per  unit  of  time.  By 
such  a  chain  reaction,  the  droplets  grov;  to 
sufficient  size  to  fall  out  as  precipitation. 
A  cloud  of  great  vertical  extent  is  needed  for 
this  process  to  result  in  heavy  precipitation. 
This  condition  iS  satisfied  in  the  Tropics. 
The  high  temperatures  found  there  give  a  high 
liquid-water  content,  which  also  furthers  the 
coalescence  process. 

The  drizzle  which  falls  out  of  nonfreezing 
layer  clouds  is  a  more  gentle  display  of  the 
coalescence  process.  Drizzle  appears  to  be 
more  frequent  over  the  sea  and  along  the  sea 
borders,  other  things  being  equal;  this  fact 
favors  the  part  played  by  salt  nuclei.  Precipita- 
tion from  nonfreezing  clouds  has  not  been 
noted  in  continental  air  masses. 

From  these  observations  we  may  reach  the 
following  conclusions.  The  coalescence  process 
may  account  for  much  of  the  precipitation 
which  falls  in  the  Tropics;  the  classic  theory, 
on  the  other  hand,  applies  to  most  of  the 
precipitation  occurring  in  middle  and  high 
latitudes.  Whenever  moderate  or  heavy  rain 
falls  in  the  temperate  or  Arctic  regions,  it 
originates    mainly  in  clouds  that,  in  the  upper 

portions  at  least,  have  reached  negative  Celsius  

temperatures^" 

A  further  conclusion  based  on  many 
studies  of  temperature  of  the  cloud  top 
as  a-  condition  for  precipitation  reveals  that 
when  rain  or  snow — continuous  or  inter- 
mittent—  reaches  the  ground  from  strati- 
form clouds,  the  clouds— solid  or  layered — 
extend  in  most  cases  to  heights  where 
temperatures  are  "below  -12°  C  or  even 
-20°  C. 
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Nuclei  { 

The  foreign  particles  in  the  air    may  be 
v  divided  into  three  classes: 

1.  Hygroscopic  nuclei. 

2.  Sublimation  nuclei. 

3.  Neutral  or  nonhygroscopic  particles. 
When  air  is  cooled  so  that  it  approaches 

the  dewpoint,  the  hygroscopic  nuclei  begin  to 
absorb  water  from  the  air.  The  larger  nuclei 
will  then  cause  condensation  to  occur  even' 
before  the  saturation  point  is  reached.  However, 
as  the  drofcs  grow  .in  si2e  they  become  so 
diluted  that  they  become  less  and  less  active 
as  hygroscopic  material.  The  condensation  proc- 
ess can  then  proceed  only  when  the  air  is 
cooled  slightly  below  its  dewpoint  so  that  a 
slight  amount  of  supersaturation  is  present. 
It  can  be  seen  that  condensation  on  hygro- 
scopic nuclei  is  a  continuous  process,  be- 
ginning at  low  relative  humidities. 

The  most  common  hygroscopic  nuclei  are 
sea  salts,  sulfuric  acids,  and  nitric  acids. 
Hygroscopic  nuclei  vary  in  number,  with  the 
maximum  oven  cities,  decreasing  "in  number 
over  rural  areas,  and  at  a  minimum  over  the 
oceans.  Annual  variations  in  amounts  of  hygro- 
scopic nuclei  are  caused  by  the  increased  amount 
of  combustion  taking  place  during  the  winter 
mpnths.  Diurnal  variation  is  caused  by  the 
lack  of  .  sunlight  at.  night  to  oxidize  sulfur 
and  nitric  dioxides.  Since  the  source  region  for 
hygroscopic  nuclei  is  at  the  surface  of  the 
Mrth,  they  decrease  in  number  with  altitude. 
/  Sublimation  nuclei  are  much  smaller  and 
ffewer  in  number  than  hygroscopic  nuclei/They 
are  shaped  like  an  ice  crystal.  Ice  forms  on 
these  nuclei^  below  water  saturation,  but  at 
or  above  ice  saturation.  Sublimation  nuclei 
are  not  very  active  between  0°  C  and  -10*  C; 
in  fact,  when  considering  the  entire  atmosphere 
at  all  temperatures  down  to  about  -40°  C, 
there  are  more  liquid  droplets  than  ice  particles. 

Neutral  or  nonhygroscopic  particles  are 
particles  such  as  ordinary  dust.  These  particles 
may  .act  as  condensation  nuclei,  but  seldom  do. 

The  atmosphere  has  been  described  as' an 
AEROSOL,  which  is  a  colloidal  system  in 
which  the  dispersed  water  vapor  is  composed 
of  either  solid  or  liquid  particles,*  and  in  which 
„  the  dispersing  medium  is  the  air.  A  clouti  has 
been  described  as  colloidally  unstable  by  virtue 
of  its  position   in  a  turbulent  atmosphere. 

There  have  been  many  theories  presented 
on  the  processes  leading  to  colloidal  instability 


within  a  cloud  which  would  cause  the  growth 
of  raindrops.  A  few  of  the  more  feasible  ones 
are  as  follows: 

1.  Electrical  attraction. 

2.  Hydrodynamical  attraction. 

3.  Vapor  pressure  gradient  from  smaller 
to  larger  drops. 

4.  Introdution  of  extremely  hygroscopic 
nuclei.   '  ' 

5.  Collision  due  to  turbulence. 

6.  Vapor  pressure  gradient  from  warmer 
to  colder  drops. 

7.  Vajfor  pressure  gradient  from  liquid 
to  ice  (Bergeron -Findeisen 'Theory). 

%   8.,  Nonuniform  drops  in  the  gravitational 
field. 

The  last  two  theories  are  considered  to  be 
the  most  important  in  the  formation  of  raindrops. 
The  liquid-to-ice  theory  is  the  most  important 
during  the  initial  formation  of  the  droplet,  but 
once  they  have  growp  to  such  size  that  they 
begin  to  fall,  the  gravitational  field  theory 
•   becomes  the  most  important. 

Cloud  and  Weather 
Modification  Methods  v 

Activity  in  cloud  and  weather  modification 
has  been  on  a  sound  and  realistic  basis  only 
since  1958.  This  opinion  was  recently  expressed 
by  scientists  from  the  National  Center  for 
Atmospheric-  Research  in  Boulder,  Colorado, 
in  an  article  on  the  research  the  center  is 
undertaking  to  effectively  modify  weather. 

Cloud  modification  methods  have  been  mainly 
in  the  use  of  dry  ice,  silver  iodide, and  water  to 
increase  the  cloud amouitt  and topossibly trigger 
precipitation. 

The  object  of  seeding  with  dry  ice  is  to 
cause  the  coexi«tence  of  ice  and  water.  Seeding  . 
with  dry  ice  may  be  used  to  dissipate  clouds, 
to  precipitate^clouds,  *or  to  make  existing 
clouds  more  nersttstent  1  • 

The  use  oflsilrer  iodide  has  been  found  to  be 
the  most  effeckivje  source  of  ice  crystal  nuclei 
found    to  \datk  I  and    is    most    effective   at  < 
temperature^fclow  -10*C. 

The  jiw^of  water-  attempts  to  employ  the 
principle  of  nonuniform  dmps  in  the  gravita- 
tional field.  It  may  be  used  on  actively  convec^ 
five  portions  of  large  cumulus  clouds. 

According  to  dchaefer,  the  most  favorable 
atmospheric  .conditions  for  precipitating  clouds 
by  seeding  are  large  cumulus  clouds  without 
precipitation    already    occurring,  abundant 
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moisture,  a  large  lapse  rate,  a  low  concen- 
tration of  ice  nuclei,  =-the  absence  of  wind 
shear,  and  either  no  inversions  or  few  inver- 
sions, or  weak  ones. 

In  practical  applicaton  of  this  weather 
modification  program,  the  prevention  of  thunder- 
storm formation,  hail,  windstorms,  and  torren- 
*  tial  rain  may  be  accomplished  by  either  dissi- 
pating or  overseeding,  or  increasing 
precipitation  by  seeding  tKefclouds  with  the  prop- 
er amounts.  No  evidence  appears  to  exist  that 
clouds  can  be  milked  of  their  moisture  in  flat 
regions,  but  indications  are  that  seeding,  espe- 
cially with  silver  iodide  smoke,  can  increase 
precipitation  as  much  as  10  to  15  percent. 

Another  application  of  this  process  is  the 
so-called  CLOUDBUSTERS  of  the  Air  Force. 
They  have  found  that  holes  or  windows  can  be 
punched  in  certain  clouds  which  hinder  aireraft 
landings  and  takeoffs,  parachute  drops,  and 
rescue  and  reconnaissance  missions.  Windows 
more  than  3  miles  wide  have  been  created  by 
overseeding  such  clouds  with  dry  ice  pellets. 

The  dissipation  of  certain  types  of  fogs  can 
be  accomplished  by  seeding.  This  is  more  effec- 
tive for  cold  fogs  and  has  little  effect  on  warm 
or  ice  crystal  fo&s. 


STABILITY  AND  INSTABILITY 

Most  weather  phenomena  depend  upon 
whether  the  air  masses  are  stable  or  unstable. 
As  stated  before,  moisture  content  plays  an 
important  part  in  weather.  A  parcel  of  air  may 
be  stable  when  dry  and  then  may  become  unstable 
if  it  is  lifted  to  saturation.  An  understanding  of 
stability  and  instability's,  therefore,  essential  to 
a  forecaster.  } 

STABILITY  is  the %  state  of  equilibrium  in 
which  a  parcel  of  air  has  a  tendency  to  resist 
t displacement  from  the  level  at  which  it  is  in, 
equilibrium  with  its"  environment  or,  if  dis- 
placed, to  return  to  its  original  position.  IN- 
STABILITY is  the  state  of  equilibrium  in  which 
a  parcel  of  air  when  displaced  has  a  tendency 
to  move  farther  away  from  its  original  position. 

The  stability  and  instability,  of  air  depend 
a  great  deal. on  the  moistiy*e  content  of  the  air. 
Therefore,  a  discussion  of  equilibrium  of  air 
should  be  separate  with  respect  tb  dry  air  and 
saturated  air. 


Equilibrium  of  Dry  Air 

The  method  used  for  determining  the  equili- 
brium of  air  will  be  the  parcel  method,  wherein 
a  parcel  of  air  is  lifted  and  then  compared  to  the 
surrounding  air  to  determine  its  equilibrium. 
The  dry  adiabatic  lapse  rate  is  always  used  as  a 
reference  to  determine  the  stability  or  instability 
of  dry  air.  V 

ABSOLUTE  INSTABILITY.  -*  Consider  a 
column  of  air  in  which  the  lapse  rate  is  greater 
than  the  dry  adiabatic  lapse  rate  (the  lapse  rate 
is  to  the  left  of  the  dry  adiabatic  lapse  rate  on 
4he  AROWAGRAM).  (See  fig.  44.)  If  the  parcel 
of  air  at  point  A  were  displaced  upward  to  point 
B,  it  would  cool  at  the  dry  adiabatic  lapse  rate. 
Upon  arriving  at  point  B,  it  would  be  warmer 
than^the  surrounding  air.  The  parcel  would 


Figure  44.  —Absolute  ^instability 
(any  degree  of  saturation). 


therefore  have  a  tendency  to  continue  to  rise, 
seeking  air  of '  its  ,  own  density.  Consequently 
the  column  would  be  unstable.  From  this,  £he 
*  rule  is  established  that  if  the  lapse  rate  of  a 
column  of  air  is  greater  than  the  dry  adiabatic 
lapse  rate,  the  column  is  ma  state  of  ABSOLUTE 
INSTABILITY/  The  term  "absolute"  is  used 
because  this  applies  whether  the  air  is  dry  or 
saturated,  as  is  evidenced  by  displacing  upward 
a  saturated  parcel  of  air  from  point  A  along  a 
Saturation  adiabat  to  point  B'.  The  parcel  is 
more  unstable  than  if  displaced  along  a  dry 
adiabat 

STABILITY.— Consider  a  column  of  dry  air 
in  which  the  lapse  /rate  is  less  than  the  dry 
adiabatic  lapse  rate  (the  lapse  rate  is  to  the 
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right  of  the  *  dry  adiabatic  lapse*  rate  on  the 
AROW  AG  RAM) .  (See  fig.  45.)  If  the  parcel  at 
point  A  were  displaced  upward  to  point  B,  it 
would  cool  at  the  .dry  adiabatic  lapse  rate,  and 
upon  arriving  at  point  B  it  would  be  colder  than 
the  surrounding  air.  It  would  therefore  have  a 
-tendency  to  return  to  tfs  original  level.  Conse- 
quently, the  column  of  air  would  be  stable. 


POMT  •  COlOEft  THAN 
THE  3UMOUMOINC  Alft 


Figure  45.— Stability  (dry  air). 


batic  lapse  rate.  This  rate  is  used  as  a  reference 
for  determining  the  equilibrium  of  saturated  air. 

ABSOLUTE  STABILITY.— Consider  a  column 
of  air  in  which  the  lapse  rate  is  less  than  the 
saturation  adiabatic  lapse  rate  (the  lapse  rate  is 
to  the  right  of  the  saturation  adiabatic  lapse  rate 
on  the  AROWAGRAM).'  (See  fig.  46.)  If  the 
parcel  of  saturated  air  at  point  A  were  displaced 
upward  to  point  B,  it  would  cool  at  the  saturation 
adiabatic  lapse  rate,  and  upon  arriving  at  ppint 
B  it  would  be  colder^  than  the  surrounding  air. 


From  this,  the  rule  is  established  that  if\the 
lapse  rate  of  a  column  of  DRY  AIR  is  less  fnan 
the  dry  adiabatic  lapse  rate,  the  column  is 
stable. 


NEUTRAL  STABILITY. -Consider  a  column 
of  DRY  AIR  in  which  the  lapse  rate  is  e4ual  to 
the  dry  adiabatic  lapse  rate.  The  parcel  would 
cool  at  the  dry  adiabatic  lapse  rate  if  displaced 
upward.  It  would  at  all  times  be  at  the  same 
temperature  and  density  as  the  surrounding  air 
and  would  have  a  tendency  neither  to  return  to 
nor  to  move  farther  away  from  its  original 
position*  The  column  of  dry  air,  therefore, 
would  be  in  a  state  of  NEUTRAL  STABILITY. 


Figure  46.— Absolute  stability  (any.  degree 
of  saturation). 


The  layer,  therefore,  would  be  in  ft  state  of 
ABSOLUTE  STABILITY.  From  this,  the  follow- 
ing rule  is  established:  If  the  lapse  rate  for  a 
column  of  air  is  less  than  the  saturation  adia- 
batte  lapse  rate,  the  column  is  absolutely  stable. 
Dry  air  cools  dry  adiabatically  and  also  would  be 
colder  than  the  surrounding  air.  Therefore, 
this  rule  applies  to  all  air,  as  is  evidenced 
when  an  unsaturated  parcel  of  air  is  displaced 
upward^dry  adiabatically  to  point  B',  where 
the  parcel  is  more  stable  than  the  parcel 
displaced  along  a  saturation  adiabat. 
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Equilibrium  of  Saturated  Air 

When  saturated  air  is  ^fted,  it  cools  at  a 
rate  different  from  that  of  dry  air.  This  is  due 
to  release  of  the  latent  heat  of  condensation, 
which  is  absorbed  by  the  air.  The  rate  of  cooling 
of  saturated  air  is  known  as  the  saturation  adia- 


/ 
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INST  ABILITY. -^-Consider  now  a  column  of  air 
in  which  the  lapse  rate  is  greater  than  the 
saturation  adiabatic  lapse  rate.i(See  fig/  47.) 
If  a  parcel  of  saturated  air  at  point  A  were 
displaced  upward  to^point  B,  it  woulg  cool  at 
the  saturation  adiabatic  lapse  rate.  Upajjifcarriv- 
ing  at  point  B,  the  parcel  Would  be  warmer  than 
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the  surrounding  air.  For  this  reason,  it  would 
have  a  tendency  to  continue  moving  farther  from 
its  original  position.  The  parcel,  therefore, 
would  be  in  a  state  of  INSTABILITY.  The  fol- 
lowing rule  is  applicable:  If  a  lapse  rate  for  a 
column  of  SATURATED  AIR  is  greater  than  the 
saturation  adiabatic  lapse  rate,  the  column  is 
unstable. 


AC>£3AT!C 
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(Figure  47.— Instability  ^saturated -air). 


NEUTRAL  STABILITY. —Consider  a  column 
of  saturated  air  in  which  the  lapse  fkte  is 
equal  to  the  saturation  adiabatic  lapse  rate. 
A  parcel  of  air  displaced  upward  would  cool 
at  the  saturation  adiabatic  lapse  rate  and 
i^ould  at  all  times  be  equal  in  temperature 
to  the  surrtfuuding  air.  On  that  account,  it 
would  tend  n^Jtef  to  move  farther  away  from 
nor  to  return  tolts  original  level.  It,  therefore, 
would  be  in '  a  state  of  NEUTRAL  STABILITY. 
The  rule  for  this  situation  is  that  if  the  lapsj, 
rate  for  a  column  of  saturatedair  is  equal  to  the 
saturation  adiabatic  lapse  rate,  the  cj^umn  is 
neutraily^stable. 

Conditional  instability 

In  the  treatment  of  stability  and  instability 
bo  far,  only  air  that  was  either  dry  or  saturated 
was  considered.  Under  normal  atmospheric 
conditions,  natural  air  is  unsaturated  to  bfcgin 
with  but  becomes  Saturated  if  lifted  far  enough. 
This  presents  no  problem  if  the  lapse  rate  for 
the  column  of  air  is  greater  than  the  dry  adia- 
batic lapse  rate  i  absolutely  unstable;  or  if  the 
lapse  rate  #is  less  than  the  saturation  adiafc^tic 
lapse  rate  (absolutely  stable).'  However,  if  the 


lapse  rate, for  a  column  of  natural  air  lies 
between  the  dry  adiabatic  lapse  rate  and  the 
saturation  adiabatic  lapse  rate,  the  air  may  be 
stable  or  unstable,  depending  upon  the  distribu- 
tion of  moisture.  When  the  lapse  rate  of  a 
column  of  air  lies  between  the  saturation 'adia- 
batic lapse  rate  and  the  dry  adiabaticlapse  rate, 
the  equilibrium  is  termed  CONDITIONAL  IN- 
STABILITY,' because  the  stability  is  conditioned 
by  the  'moisture  distribution.  The  equilibrium  of 
'  this  column  of  air  is  determined  by  the  use  of 
positive  and  negative  energy  areas.  The  deter- 
mination of  an  area  as  positive  or  negative  de- 
pends Jupon  whether  the  environment  is  colder 
or  wdrmer  than  the  ascending  parcel.  Positive 
p^artfas  are  conducive  to  instability;  negative  areas 
I   are  conducive  to  stability. 

V  ' 

x  TYPES  OF  CONDITIONAL  INSTABILITY.— 
Conditional  instability  may  be  one  of  three  types. 
The  REAL  LATENT  type  is  a  condition  in  which 
the  positive  area  is  larger  than  the  negative 
area  (potentially  unstablef.  The  PSEUDO- 
LATENT  type  is  a  condition  in  which  the  positive 
area  is  smaller  than  the  negative  area  (potent- 
•  tally  stable).  The  STABLE  type  is  a  condition  "in 
which  there  is' no  positive  area. 

ENERGY  AREAS  FOR  MECHANICAL  LIFT- 
ING.—A  negative  area  is  the  area  (on  an 
AROWAGRAM)  bounded  by  the  temperature 
curve;  the  dry  adiabat  from  the  surface  point 
to  the  lifting  condensation  level  (LCL);  and  the 
moist  adiabat  from,  the  LCL  to  its  intersection 
with  the  temperature  ctirve  (this  pQint  on  the 
temperature  curve  is  termed  the  level  of  free 
convection  (LFQ).  In  figure  48»  the  negative 

area  is  shaded  with  slanting  lines* 
» 

A  positive  ajrea  is  th£*area  .(on  an 
AROWAGRAM)  to  the  right  of  the  temperature 
curve,  bounded  by  the  'temperature  curve  and  the 
saturation  adiabat  extended  Jfpward  from  the 
LFC.  In  figure  48,  it  if  shaded 'with  a  dotted 
pattern.  ^  ^ 

ENERGY  AREAS  FOR  COnVeCTIVE  LIFT- 
ING.—If  lifting  by  convection  is  expected,  the 
negative  area  is  determined  by  locating  the 
intersection  of  the  temperature  curve,  the 
average  mixing  ratio,  and  a  dry  adiabat.  The 
average  mixing  ratio  is  chosen  because  more 
than  just  surface  parcels  are  involved  in  convec- 
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Figure  48.  -LCL,  LFC,  and  negative  and 
positive  areas-mechanical  lifting. 
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tive  activity.  The  standard  practice  is  to  average 
the  mixing  gitio  for  a  100-mb  stratum  above  the 
surface,  or  to  average  the  mixing  ratio  for  the 
moist  surface  layer  when  it  is  less  than  100 
millibars  in  vertical  extent.  In  addition,  each* 
locality  should  add  a  small  factor,  determined 


moisture; 
if 

"insurd 


locally,  to  allow  for  an  increase  in 
this  is  ^especially  true  on  coistlines 
large  rivertf  and  lakes.  This  p^i  , 
use  of  a  realistic  moisture  conte  iTfoi-  the  low' 
'  layer  (which  will  be  thoroughly  mixed  in-  th 
convective  process).  This  level  i A  known  as  tho^ 
convective  condensation  level  (C^  v 
^downward  from  this  intersection  andvbound 
th,e  temperature  curve  and  the  dry 
negative  area.  It  represents  the  ener 
must  be  supplied  in  order  that  a 
air  will  rise  from  the  surface  to  a 


it  will 
ener# 


cpntinue  ^to  rise 
from  an  outside 
of 


without  a 
source, 
the  dry  adiabat 
itiythe  surface  *level  de 
temperature  necessary 
.  Notice  that  in  this  situ 
area  is  to  the^ight  of  ti/e 
,  whereas  with  mechanifcal 


negative  area  is  to 
.Ciirve,  (Set  fig.  *49.) 


.the*  left  of 
«9& 


'con- 
ie  neg- 
t^inperature 
gifting  the 


ie  temperature 


The  positive  ar&ataa  situation  of  convective 


-4s  the  "area  i 
curve,  bounded  by 
the  saturation  adiab 


section  of  the  mixing  ratio  and  the 'temperature 
curve;  that  is,  the  CCL.  (See  fig.  49.) 
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Figure  49.— CCL,  and  negative  and  positive' 
areasj-convective  lifting. 

Autoconvection  (  ■» 

A0TOCONVECTION  is  a  condition  which  is 
started  spontaneously^  by  a  layer  of  air  when  the 
Unse  rate  of  temperature  is  such  that  density 
increases  with  elevation.  For  density  to  increase 
with  altitude,  the  lapse  rate  must  be  equal  to  or 
exceed  3.42°  C  per  100  meters.  (This  is  the 
.AUTOCONVE^CTIVE  LAPSE  RATE.)  An  example 
^of  this  condition  is  found  to  exist  near  the 
.  surface  of  the  earth  in  a  road  mirage  or  a 
dust  devil.  These  occur  over  surfaces  which 
are  easily  heated,  such  £s  the.  de3ei%  open- 
fields,  etc.,  and  are  usually  found  during  periods 
of  intense  surface  heating. 

Convection  Stability 

and  Instability  \ 

So  far  in  the  discussion  of  convection  stab-  * 
ility  and  instability,  we  have  considered  PARCELS 
of  air#  Let  us .  now  examine  LAYERS  of  air. 
A  layer  of  air  which  is  originally  stable  may 
become  quite'  unstable  due  to  moisture  distri- 
bution if  the  entire  layer  is  lifted. 

Convective  stability  is  the  (Jpndition  that 
occurs  when  the  equilibrium  of  aiayer  of  air, 
because  of  the  temperature  and  humidity  distri- 
bution, is  such  that  wheil  the'entire  l^yer  is 
if  ted,  its  stability  is*  increased.  | 
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Convective  instability  is  the  condition  of 
equilibrium  6f  a  layer  of  ajr  occurring  when 
the  temperature  andyhumidity  distribution  is  such 
that  when  the  entire  layer  of  air  is  lifted, 
its  instability  is  increased^ 

CONVECTIVE  STABprTY.  -  Consider  a 
layer  of  air  whose  humility  distribution  is  dry 
.  at  the  bottom  and  moistfat  the  top.  If  the  layer 
of  air  is  lifted,  the  top  and  the  bottom  will  cool 
at  the  same  rate  until  the  top  reaches  saturation. 
Thereafter,  the  top  will  cool  'less  rapidly 
than  the  bottom.  The  top  will  cool  saturation 
adiabatically;  the  Wttom  will  still  continue  to 
cool  dry  adiabatic  illy.  The  lapse  rate  for  the 
layer  then  will'  decrease.  The  stability  will 
increase.  ^ 

The  layer  must  be  unstable  at  the  beginning 
and  may  become  stable  when-  lifting  takes 
place. 

In  a l^jrer  that  is  convectively  stable,  the  equi- 
valent potential  temperature  increases  with 
elevation. 

CONVECTIVE  INSTABILITY. -Consider  a 
layer  'of  air  in  which  the  air  at  the  bottom  is 
moist  and  the  air  at  the  top  of  the  layer  is  d/y. 
If  this  layer  of  air  is  lifted,  the  bottom  and 
the  top  will  cool  dry  adiabatically  until  the  lower 
portion  is  saturated.  The  lower  part  will  then 
cool  saturation  adiabatically  while  the  top  of 
the  lay^r  is  still  cooling  dry  adiabatically. 
The  lapse  fate  then  begins,  to  increase,  causing 
the  instability  to  increase,  j 

In  a  layer  of  convecthfely  unstable  air,  the 
equivalent  *  potential  temperature  DECREASES 
with  elevation. ,  \ 

In  order  to  determine  the  convective  stability 
or  instability  of  a  layer  of  air,  you  should  first 
know  why  you  expect  the  liftijne  of  a  whole 
layer.  ..The  obvious  answer  is/an  orographic 
barrier  or  a  frontal  surface.  Next,  determine 
how  much  lifting  is  toS*r-expected  and  at 
what  level  dpes  it  commence,  fpr  you  need  ' 
no't  necessarily  have  to  lift  a  layer  of  air  close  ' 
to  the  surfafee  of  the  earth.  The  amount  of 
lifting  w^l,  if  course,  depend  on  the  situation 
at  hand.  In  determining  the  convective  stability 
or  instability  of  a  layer  of  Air  at  aTparticular 
locality, proceed  as  follows; 

1.  "Lift  the  driest  end  of  the  lapse  rate 
dry  adiabattcallyNmtil<  saturated  and  then  moist 
adiabatically  for  a' predetermined  number  of 
millibars. 

2.  Uift  the  moist  end  of  the  lapse  rate  dry 
>#dia^tfically  until  saturated,  thence  moist  adia- 


3.  Connect  the  upper  to  the  lower  point 
thus  formed  with  a  straight  line,  representing 
the  new  lapse  rate. 

Refer  to  figures  50  and  51*  for  a  presen- 
tation of  convective  stability  and  instability/ 

Stability  Determination  from 
Existing  Lapse  Rate 
> 

We  can  very  simply  test  the  stability  con- 
ditions of  the  plotted  sounding  by  observing  the 
observed  temperatures  and  lapse  rates  in  refer- 
ence to  superimposed  lines  representing  the  dry 
and  moist  adiabatic  lapse  rates  on  the  ARO^A- 
GRAM. 

For  instance,  if  we  observe  that  the  lapse 
rate  on  the  actual  sounding  is  to  the  right  of 
the  moist  adiabatk  rate,  the  air  is  absolutely 
stable.  If  it  lies^  between  the  moist  and  cjry 
adiabatic  lapse  rates,  its  stability  is  dependent 
on  the  moisture  present,  and  it  is  called  con- 
ditionally stable.  If  the  lap^e  rate  is  greater 
than'  the  .dry  adiabatic  lapse  rat$,  we  have 
absolute  instability  in  the  air  and  can  expect 
vertical  currents  to  cause  turbulence  in  that 
area. 

Figure  52  illustrates  the  varying  degrees 
of  Sir  stability  which  are  directly  related  to  the 
rate  at  which  the  temperature-changes  with 
height.  ' 


Batically  for '  an  equal  number  of  millibars. 


Determining  Bases  of  * 
Convective  Type  Clouds 

We  have  seen  from  our  foregoing  discussion 
in  an  earlier  section  of  this  chapter  that  mois- 
ture is  important  in  determining  certain  sta- 
bility conditions  in  the  atmosphere.  We  know, 
too,  that  the  difference  between  the  tempera'ture 
and  the  dewpoint  is  an  indication  of  the  relative 
humidity,  an|i  that  when  the  dewpoint  and  the 
temperature  are  the  same,  the  air  is  saturated 
and  some  form  of  condensation  cloud  may  be 
expected.  This  lends  itself  to  a  m&ns  of 
.estimating  the  height  of  the  base  of  clouds 
formed  by  surface  heating;  that  is,  cumyliform 
type  vfaen  the  surface. temperature  and 

dewp|p#ar^  known.  \V£  fcnow  that  the  det^olnt 
will  Mcmaseyi*  temperature  at  the  rate  of  Ij  F 
per  1,000  fefit  during  lifting  process.  The 
ascending  parcel  in  the  convective  current  fill 
experience  a  decrease  in  temperature  of  atlput 
5  1/2*  F  ber  1,000  feet.  Thus,  the  dewpoint  i*  , 
the  tempefature  approach  each  other  at  the  rate 
of  4  1/2  i  F  per  1,000  feet.    As  an  exampl^ 
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figure  50. -Convective  stability*  (layer  method). 


consider  the  surface  temperature  to  be  80°,  F 
and  the  surface  clewpoint  62°  F,  a  difference  of 
18°  F.  This  difference,  divided  by  the  approxi- 
mate rate  thgt  the  temperature  approaches  the 
dewpoint  (4  i/2°  F  per  1,000  ft)  indicates  the 
approximate  height  of  the  base  of  the  clouds 
caused  by  this  lifting  process  (18  ?  4*1/2  = 
4„000  feet).  This  is  graphically  shown  in  figure 
52.  The  Marine  Science  Technician  should  re- 
member that  this  method  cannot  be  applied  to  all 
cloud  types,  but  is  limited,  to  clouds  formed  by 
^convection  currents,  such  as,summertime  cumulus 
•clouds,  and  only  in  the'' Ibcality  where  Che 
clouds  form.    It  *  is  not  valid  around  maritime 
or  mountainous  areas. 

e  Stability  in  Relation 
*  to  Cloud  Type/ 

When  a  cloud  is  formed,  the  ^stability  of 
the  atmosphere  helps*  to  determine  the  type  of 


•cloud  formed.*  For  example,  if  the  air  is  very 
J  stable  and  it  .Is  beins  forced  to  ascend  the  side 
of  a  mountain,  (fig.     54),  the  cloud  .formed  will 
be  layerlike  with  little  vertical  developmant  and 
^ilh^llttle  or  no  turbulence.  If,  however,  the  air 
hs  unstable  in  the  situation,  the  clouds  formed 
would  have  vertical  development  and  turbulence 
*  Wald  be*  expected  with  them.  The  oase  of  this 
type  cloud  would  be  determined  by  mechanical 
^lifting  and  by  the'LCL. 

OPTICAL  PHENOMENA 

Many  of  our  greatest  ^^lP  UM^^and  the 
greater  part  of  what  we  knflwnfijr^ bur  sur- 
roundings-are gained  throug^PreM>eauties  of- 
color.  Colof  is  light.  Light  sent  out  .by*  such 
bodies  as  the  sun  or  the  moon  or  from  artificial 
sources  such  as  limps  and  evfcn  the  light  re- 
flected by  thke  objects  which  it  strikes,  afrat  the 
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eye  and  produce  the  sensation  of  vision.  Too", 
much  of  the  world's  work  and  much  of  our  re- 
creation are  made  possible  by  the  use  of  light. 

Light,  too.  when  acting  in  conjunction  with 
some  of  ihe  elements  of  the  atmosphere  pro- . 
duces  such  atmospheric  phenomena  as  halos, 
coronas,  mirages,  and  rainbows 

In  this  section  we  will  discuss  some  of 
the  theories  of  light,  even  though  scientists 
do  not  yet  have  a  complete  explanation  of  the 
mature  of  light,  its  properties,  what  happens 
to  'hesp  light  rays  after  they  leave  their  source, 
and  some  of  the  atmospheric  phenomena  pro- 
due  r-a  bv  Injh* 

LIGHT 

« 

Light,  :S  known  to  be  a  form  of  energy  It  is 
closely  related   to  and  travels  at  the  same 


speed.  186,000  miles  per  second*  as  radiant 
heat,  radio,  and  X-rays.  One  of  the  main  dif- 
ferences between  light  rays  and  sound  waves  is 
that  light  waves  can  travel  through  a  vacuum, 
but  sound  waves  cannot.  Sound  waves  require 
matter  for  ♦  their  transmission.  Another  im-' 
portarrt  difference  is  the  speed  with  which  light 
waves  travel  in  relation  to  sound  waves.  F.or  all 
practical  purppses,  the  light  waves  travel  so 
rapidly  over0the  distances  with  which  we  are  con- 
cerned that  we  think  of  the  waves  as  being  iratan- 
taneQus,  whereat  the  speed"  of  sound  is  very 
slow  by  comparison  and  is  affected  by  altitude  as 
well  as  by  the  temperature  of  the  medium  through 
which  it  is  traveling. 

There, are' considered  to  be  two  sources  of 
light— the  natural  light,  nearly  all  of  which'we 
deceive  from  the- sun,  and  artificial  light,  such 
as  light  frojn  electric  lamps,  theJight  of  a  fire, 
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Figure  51.-Convective  instability  (layer  method). 
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Figure  52. -Degrees  of  stability  in  rela- 
tion to  temperature  changes  with  height. 


or  the  light  from  fluorescent  tubes  produced  by 
the  action  of  ultraviolet  light  on  chemicals  en- 
closed in  the  tube.    ^  • 

Luminous  bodies  ar6  those  bodifcS  which  pro- 
duce their  own"  light  We  think  of  the  sun  and  the 
stars  as  luminous  bodies.  Illuminated  or  noh- 
luminoufc  bodies  are  those  bodies  which  merely 
reflect  the  light  they  receive  and  are  therefore 
visible  becaus^of  this  reflection. 

Frequencies 

The  waves  which  produce  the  sensatiorf*  of 
light  are  all  very  sjbort,  which  means  ithat  tjie 
frequency  -of  light  waves*  is  very  high.  WAVE- 
LENGTH means  the  distance  from  the  crest  of. 
one  wave  to  the  crest  of  the  following  wave. 

In  order  to  measure  these  wavelengths  con- 
veniently, £  special  unit  of  measure  was  de- 
mised and  has  been  named  for  the  scientist  who 
devised  it.  This  Unit  is  called  an"  ANGSTROM 
UNIT,  or  mote  usually,  an  ANGSTROM.  In  more 
recent  work,  these  waves  are  measured  In 
.millimicrons  which  ar6  millionths  of '  milli- 
meters. 

A  bri<£  study  of  figure  55  Indicates  that 

light  with  a  longer  wavelength  (such  as  700  mil- 
limicrons) will  be  red,  and  , that  light  with  a 
shorter' wavelength  (500  millimicrons  for  ex- 
ample) will  be  blue-green.  From  this  >lt  could 


be  reasoned  that  the  color  of  light  depends 
strictly  on  its  wavelength.  Actually,  the  color 
of  light  is  dependent  upon  its  frequency,  just  as 
sound  depends  upon  its  pitch,  or  frequency* 

when  the  wavelength  of  700  millimicrons 
(fig.  56)  is  measured  in  a  vacuum,  it  pro-* 
duces  the  color  known  as  red,  but  in  another 
medium  this  wavelength  will  be  other  than  700 
millimicrons.  For  example,  when  red  light  that 
has  been  traveling  in  air  enters  glass,  which  is 
a  medium  of  different  density,  it  loses  speed, 
and  its  wavelength  becomes  shorter,,  or  com- 
pressed. The  fact  that  it  continues  to  be  red  is 
because^the  frequency^remains  the  same,  thus 
demonstrating  the  principle  that  color  depends 
upon  frequency  of  transmission.  It  must  be  kept 
in  mind  that  the  scale  in  figure  56  refers  to 
wavelengths  in  air. 

Various  colors  depend  on  the  frequency  of 
transmission  of  the  various  component  wave- 
lengths of  the  visible  spectrum  which  are  present, 
in  equal  amounts  in  white  light.  •* 

Theory* 

The  exact  ^nature  of  light  is  not  fully  under- 
stood, although  men  who  study  theoretical  phys- 
ics have  been  trying  to  discover  its  exact  . nature 
for  qiany  centuries.  Some  experiments  seem  to 
show  that  light  is  composed  of  tiny  particles, 
and  some  indicate  that  it  is  made  up  of  waves.     '  > 

First  one  theory  and  then  the  other  attracfcrtK 
the  approval  and* acceptance  of  the  physiciixs, 
Today  there  are  scientific  phenomena  whickf  can 
be  explained  only  by  the  wave  theory  and  an- 
other large  group  of  occurrences  which  can 
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Figure  53.-Determination  of  a  cloud* s 
base  when  the  dewpoint  and  temperature 
are  known. 
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Figure  54. -Illustration  showing  that  very  stablS  air  retains  its  stability  even  when  it.is 
forced  upward,"  forming  a  flat  cloud.  Air  which  is  potentially  unstable  when  forced  \ 
upward  becomes  turbulent  and  forms  a  towering  cloud. 


be  made  clear  by  the  particle  or  corpuscular 
theory..  Physicists,  constantly  searching  for 
stpme^new  discovery  which  would  bring  these 
contradictory  theories  into  agreement,  gradu- 
ally have  come  to  accept  a  theory  concerning  light 
which  is  a  combination  of  these  two  views. 

According  to  the  view  now  generally  accepted, 
light  is  a  form  of  electromagnetic  radiation; 
that  is,  light  and  similar  forms  of  radiation  are 
made, up  of  moving  eledK^cjafd magnetic  forces. 
■A  simple  example  ofmotion  similar  to  these 
radiation  waves  can  be  made  by  dropping  a  pebble 
into  a  pool  of  w£ter.  Th'e  wavesjspread  out  in  ex- 
panding circles  until  "they  reach  the  edge  of  the 
pool  in  much  the  same  manner  as  the  rays  of  light 
spread  from  the  sun.  However,  the  waves  in  the 
pool  are  very  slow  and  clumsy  in  comparison 
with  light  coming  from  the  sun  which  travels  ap- 
proximately 186,000  miles  per  second. 

Light  radiates  from  its  source  in  all  direc- 
tions until  absorbed  or  diverted  by  coming  in  con- 
tact, with  some  substance.  Lines  drawn  from  the 
light  s.ource  to  any  point  on  one  Qi  these  waves 
indicate  the  direction  in  which  the  wave  fronts 
are- moving.  These  lines  are  radii  of  the  spheres 
formed  by  the  wave  fronts.  In*  diagrams  of  opt  A 
cal  and  projection  equipment  and  in%ther  illusf* 
trations  of  image  formation,,  these  lin^  show 
direction  of  movement  and  are  calledlightrays. 
Although  single  rays  of  light  do  not  exist,  light 
"rays,"  as  used  in  illustrations,  provide  a  con- 
venient method  of  giving  the  direction  in  which 
light  is  traveling  at  any  point. 

A  large  volume 'of  light  is  called  a  beam,  a 
narrow  beam  is  called  a  pencil,  and  the  smallest 


yportion  of  a  pencil  is  alight  ray.  A  ray  of  light, 
f  thea,  can  be  illustrated  as  a  straight  line.  This 
I    straight,  line  drawn  from  a  light  source  may 
represent  an  infinite  number  of  r.ays  radiating 
in  all  directions  from  the  source.  (See  fig.  1  §7.) 

Wave  fronts  near  the  light  source  are  sharply 
curved,  while  those  at  a  distance  aire  almost  fiat. 
Light  rays  from  a  distant  source  pr  object  are 
considered  to  be  parallel^  as.  illustrated  in 
figure  53. 

Characteristics 

When  light  waves,  which  travel  in,  straight 
lines,  encounter  any  substance,  they  are  either 
transmitted,  reflected,  or  absorbed  *  (See  fig. 
59.)  %  Those    substances    which  permit  the 


Figure  55,- Wavelength  of  various. visible 
and  invisible  colors. 
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REFRACTION  OF'UGHT  BY  A  PRISM.    THE  LONGEST  RAYS  ARE  INFRARED  i  THE  SHORTEST,  ULTRAVIOLET. 


WAVELENGTHS    IN  MILLIMICRONS 
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figure  56. -Wavelengths  and  refraction. 


penetration  of  clear  vision  through  them,  and 
which  transmit  almost  all  the  light  falling  upon 
them  are  said  to  be  transparent.  There  is  no  sub- 
stance knQwn  whichis  perfectly  transparent,  but 
inany  substances  are  nearly  so.  Those  substances 
which  allow  the  passage  of  part  of  the  light  but 
appear  clouded  and  Uypair  vision  substantially, 
are  called  trahslucent.  Those  substances  which 
do  not  transmit  any  light  are  called  opaque. 


All  objects  which  are  not  ligttf  sources  are 
visible  only  because  they  reflect  all  or  some  part 
of  the  light  reaching  them  from  some  luminous 
source.  If  light  is  neither  transmitted  nor  re- 
fleeted,  it  is  absorbed  or  taken  up  by  the  medium. 
When  light  strikes  a  substance,  some  absorption 
and  reflection  always  take  place.  No  substance 
completely  transmits,  reflects,  or  absorbs  all 
the  light  whioh  reaches  Its  surface.  Figure  59 
£hows  how  glass  transmits .  absorbs .  and  reflects 
♦light. 


Figure  51.  -Waves  and  radii  from  a  near-* 
by  light  source. 


Candlepower  and  Foot-Candles 

Illumination  is  the  light  received  fronta  light 
source.  Th6  intensity  of  illumination  is  measured 
in  foot-candles.  A, Toot-candle  is  the  amount  of 
light  falling  upon  a  surface  1  squire  foot  an  area, 
1  foot  away  from  the  light  source  of  ,1  candle- 
power. 

Law  of  Inverse  Squares    s  ^ 

The  law  of  inverse  squares  states  that  the 
amouqt  of  light  a  body  receives  is  inversely 
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proportional  to  the  square  of  the  distance  from 
the  source  of  light.  Therefore, 


foot -candles  - 


foot -candles 


REFLECTION 


candlepower 
distance  $quared' 


or 


/ 


The  term  "reflected  light"  simply  refers  to 
those  light  waves  that  are  neither  transmitted 
nor  absorbed,  but  are  thrown  back  from  the  sur- 
face of  the  mediunythey  encounter.  If  a  ray  of 
light  is  directed  against  a  mirrors  the  Hght  ray 
.that  strikes  the  surface  is  catted  the  incident 
ray  and  the  one  that  ©ounces  oif  is  the  reflected 
i  ray.  The  imaginary  uh^-p^rpendicular  to  the 
Imirror  at  the  point  where  the  ray  strikes  is  the 
^NORMAL.  The  angle  between  the  incident  ray  and 
the  normal  is  the  angle  of  incidence.  The  angle 
between  the  reflected  r^y  and  the  normal  is  the 
angle  of  reflection,  These  terms  are  illustrated 
in  figure  60.  4 

If  the  surface  of  the  medium  contacted  by  the 
incident  light  ray  is  smooth  and  polished,  such  as 
a  mirror,  the  reflected  light  willbettfrown  back 
at  the  same  angle  to  the  surface  as  the  incident 
light  The  path  of  the  light  reflected  from  the 
surface  forms  an  angle  exactly  equal  to  the  one 
formed  by  its  path  ir.  reaching  the  medium.  This 
conforms  to  the  law  of  reflection  which  states: 
The  angle  oP incidence  equal  to  the  angle  of 
reflection.  . 

A  common  application  of  this  law  in  projec- 
tion equipment  is  seen  when  it  is  necessary  to 
direct  light  in  a  new  direction.  By  using  a  ray  of 
light  with  a  mirror  at  a  45*  angle  and  by  applying 
the  law  of  reflection,  we -can  see  iiow  this  is 
accomplished.  The  apparatus  would  be  similar  to 
that  shown  in  figure  61.  The  light  ray  striking 
the  45 J  mirror  will  reflect  a  beam  at  the  same 
angle  as  the  incident  ray.  resulting  In  a  change,  of 
direction  of  90S. 

A  mirror  re  an  excellent  reflecting  surface 
because  it  i^flat  and  unbroken  The  combina- 
tions of  many  incident  beams  will  keep  the  same 
relationship  between'beams  even  after  reflec- 
tion This  means  that  all  parallel  rays  will  strike 
at  the  same  angle  of  incidence  and  will  be  re- 
flected at  the  same  angle  of  reflection.  They  will 
remain  parallel  after  reflection.  This  is  called 
regular  (or  specular)  reflection.  (See  fig*  62 
\  A).) 


Figure  58,-Waves  and  radii  from  a  distant 
light  source. 
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Figure  59. -Light  rays  reflected,  absorbed, 
and  transmitted. 
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Figure  60. -Terms  used  to  describethe 
reflection  of  light.  ** 


Reflection  from  a  smooth  surfaced  object 
presents  few  problems..  It  is  a  diflerent  matter, 
however,  when  a  rough  surface  reflects  light. 
The  law  of  reflection  still  holds;  but  because  the 
surface  is  rough,  the  angle  of|incidence  will  be 
different  for  each  ray  of  ligKt.  The  reflected 
light  will  be  scattered  in  all. directions  as  shown 
in  figure  62  (B).  This  form  of  reflected  light 
is  calledxrregular  or  diffused  li<;ht. 
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Figure  61.  —Applying  the  law  of  reflection. 

What  happens  when  parallel  rays  of  light 
strike  a  curved  mirror?  Again,  we  go  to  the  law 

*  of  reflection  for  the  answer.  If  the  reflecting 
object  is  a  concave  mirror,  which  is  the  most 
common  type  of  curved  reflector  used,  the  parallel 

*rays  striking  its  surface  will  be  reflected  in  the 
manner  shown  in  figure  63.  If  this  seems  to  be  in 
error,  remember  that  the  normal  is  perpendicular 
to  the  surface  of  the  medium  and  the  normals  on  a 
curved  surface  will  not  be  parallel  to  cne  another. 
The  result  is^that  reflected  rays  come  together 
or  converge. 

As  illustrated-  in  figure  63,  when  parallel 
rays  are  reflected  from  a  concave  mirror,  they 
converge  almost  to  a  point  (if  the  concavity  is 
parabolic,  they  converge  exactly  to  a  point); 
they  then  cross  and  diverge  or  spread  out  again. 
What  would  happen  if  you  put  a  source  of  light  at 
the  point  where  the  rays  cross?  As  you  will 
remember,  the  rays  of  light  from  a  nearby  object 
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Figure  d&  —Reflected  light. 
(A)  Regular  (specumr);  (B)  Irregular  (diffused). 


Figure  63.  —Reflection  from  a  conc^re  * 
mirror, 

are  not  parallel  but  radiate  out  from  the  source, 
as  shown  in  figure  57,  All  the -light  that  strikes 
a  concave  mirror  in  this  case  is  reflected  in  a 
narrow  beam-  of  parallel  rays  as  shown  in 
figure  64,  In  this  way,  the  light  from  a  source 
is  intensified  becausethe  light  that  wouldnormally 
be  lost  is  directed  back  past  the  source  and  is 
added  to  the  beam. 

REFRACTION  jj 

The  change  of  direction  which  occurs  when  a 
ray  of  light  passes  from  one  transparent  sub* 
stance  into  another  of  different  density  is  called 
refraction.  This  phenomenon  enables  a  lens  to 
farm  an  image.  Without-  refraction,  light  waves . 
would  pass  in  strait  lines  through  transparent 
substances  wlthoujfc  any  change  of  direction.  Only 
shadow  patterns  could.be  made  with  them. 

Refraction  is  due  to  the  fact  that  light  travels 
at  ^various  speeds  hr  different  transparent  sub- 
stances* The  ratio  of  the  speed  of.  light  in  air  to 
its  speed-in  e&'ch, transparent  substance  is  called 
pe  index* of  refraction  for  that  particular  sub- 
stance. For  example,  light  trav.els  about  one  and  ' 
bne-haif  times  as  fast  in  air  &s  iMoes  in  glass, 
;so  the  index  of  refraction  for  glass  is  about  1.5.* 

Tables  of  refractive  indices  are  useful  in  such 
specialized  tasks  as  navigation,  in  which  instru- 
ments must  rtecetve,light  rays  from  many  differ- 
ent angles.  'i      - , 

CURVATURE  QfWm<^-vW 
 ^4- 


Figure  64.  —Projection  by  a  cpncave  mirror. 
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Refraction,  or  change  of  direction,  always 
follows  t  simple  rule.  When  the  light  ray  passes 
from  one  transparent  substance  into  another  of 
greater  density  ,  refraction  is  toward  the  normal. 
(In  this  rule,  the  normal  means  a  line  perpen- 
dicular to  the  surface  of- the  medium  at  the  point 
of  entrance  of  the  light  ray.)  In  passing  from  one 
transparent  substance  into  another  of  lesser  den- 
sity, refraction  is  away  from  the  normal. 

Refraction  through  a  piece  of  plat£  glass  is 
shown"  in  figure  65.  The  ray  of  light  strikes 
the  glass  plate  at  an  oblique  angle.  If  it  were  to 
continue  in  a  straight  line,  it  would  emerge  from 
the  plate  at  point  A.  But  in  accordance  with  the 
rule;  just  given,  it  is  btent  toward  the  normal  and 
emerges  from  the  glass  at  point  B.  Upon  enter- 
ing the  air.  the  ray  does  not  continue  on  its  path 
but  is  bent  away  from  the  normal  and  along  the 
path,  BC,  in  the  air.  If  the  two  surfaces  of  the 
glass  are  parallel,  the  ray  Jeav\rig  the  glass  is 
parallel  to  the  ray  entering  the  glass.  The  dis-N 
placement  depends  upon  the  thickness  oftheglass^ 
plate  and  the  angle  of  entry  into  it. 

AlFfays  striking  the  glass  at  any  angle  other 
than  perpendicular  are  refracted  in  the  same 
manner.  In  the  case  of  a  perpendicular  ray,  which 
enters  the  glass  normal  to  the  surface,  no  re- 
fraction takes  place,  and  the  ray  continues 
through  the  glass  and  into  the  air  in  a  straight 
lin<*. 

When  a  ray  of  light  passes  through  a  flat 
sheet  of  glass,  it  emerges  parallel  to  the  incident 


Figure  65.— Refraction  through  a>  piece  of 
*    plate  glass. 


INCIDENT  RAY  SAY   EM  ERG  IMC 

STRIKING    ONE  FROM,  OTHER 

SURFACE  SOUFACf 

Figure  66*  -Path  of  light  ray  through 
^  *  .      a  prism. 

ray.  This  holds  fetfue  only  when  the  two  surfaces 
of  the  glass  areparallel.  Whenthetwo  surfaces 
are  not  parallel,  as  in  a^prism,  the  ray  is  re- 
fracted  differently  at  each  surface  of  the  glass 
and  does  not  emerge  parallel  to  the  incident  ray. 
Figure  66  shows  that  both  refractions  are  in 
*  the  same  direction,  and  that  the  ray  coming  out 
of  the  prism  is  not  parallel  to  the  ray  going  into 
it.  The  law  of  refraction  explains  what  has  hap- 
pened. When  the  ray  entered  the  prism,  it  was 
bent  toward  the  normal;  and  when  it  emerged,  it 
was  bent  away  from  the  normal.  Notice  that  .the  * 
deviation  is  the  result  of  the  two  normals  not 
being  parallel,  - 

If  two  triangular  prisms  are  placed  base-to- 
base,  as  in  figure  6,7,  parallel  incident  rays 
passing  through  them  are  refracted  and  caused  to 
intersect.  The  Vays  passing  through  different 
parts  of  the  prisms,  however,  will  not  intersect 
at  the  same  point.  In  "the  case  of  two  prisms, 
there  are  only  four  refracting  surfaces.  The 
light  rays  from- different,  points  on  the  sajne 
plane  will  not  be  refracted  to  a  point  on  the  sams 
plane  behind  the  prism.  They  emerge  from  the 
prisms  and  intersect  at  different  points  along  an 
extended  common  baseline,  ks  illustrated  by 
points  Af  Bt  and  C  of  figure  67. 

When  a  beam  of  white  light  is  passed  througn 
a   prism,   as   shown  in  figure  56,  it  is  xe- 
fracted  and  dispersed  into  its  component  wave- 
lengths. Each  of.  these  wavelengths  reacts  dif- 
ferently  on  the  eye,  which  then  sees  the  various 
colors  tfiat  compose  the  visible  spectrum.  This 
experiment  with  the,  pjrism  was  first  conducted  ' 
in  1666  by  the'same  Sir  Isaac  Newton  who  formu- 
lated the  corpuscular  theory  of  light  reception. 
The  visible  spectrum  is  recorded  as  a  mix- 
ture  of  red-,  orange,  yellow,  green,  blue,  indigo, 
and  violet  (fig.  66).  It  can  be  readily  demon- 
strated   that    white   light    results  when*  tfie 


PRIMARIES  (red,  green,  and  blue)  are  mixed 
together  in  overlapping  beams  of  light  (NOTE: 
These  are  not  the  primaries  used  in  mixing 
pigments •  )  Furthermore ,  the  COMPLE- 
MENTARY or  secondary  colors  (magenta,  yel- 
low, and  cyan)  may  be  shown  with  equal  ease  by 


Figure  67.— Refraction  of  light  rays  by  two 
prisms  base-to-base. 


mixing"  any  two  of  the  primary  colors  in  over- 
lapping beams  of  light.  Thus,  red  and  green  light 
mixed  in  equal  intensities  "will  jnake  yellow 
light;  green  and  blue  will  produce  blue-green 
light  which  is  termed  cyan;  and  blue  and  red 
light  correctly  mixed  will  render  ftiagenta 
purplish  red). 

It  should  be  noted  that  a  few. modern  texts  - 
vary  the  treatment  of  the  color  scale  slightly 
from  Newton's  original  seven  spectral  colors,  - 
This  is  due  partly  to  developments  in  the  mixings 
v^lue  of  pigments  (paints),  and  partly  to  the  dis- 
coveries of  ■  Maxweil  antf  the  related  theory  of 
Ycung  and  Helmholtz.  This  theory  assumes  that 
the  retina  of  the  "eye  is  equipped  with  three 
v^ryinf  .groups  of  nerves,  sensitive  roughly  to 
red,  green,  and  blue-violet  light. 

9  * 

AIM(*PHERIC  OPTICAL  PHENOMENA  , 

We  think  of  „  atmospherif^qptical  phenomena  . 
as  those  phenomena  of.  the  atmosphere  which 
can  be  explained  in  terms  of  optical  laws.  Gi^en, 
below  is  a  description  of  some  of  the  optical 
phenomena  which  we  commonly  observe.  SonreV 
of^the  atmospheric  elements,  such  as  moisture,  1 
Serve  as  a  prism  to  break  a  light  source  down\ 
ihto  Us- various  component  colors. 


Mirages 

A  mirage  is  an  optical  illusion  due  to  the  re- 
fraction of  light  as  it  passes  through  nonhomo- 
genous  layers  of  the  atmosphere.  Distant  objects 
are  seen  in  an  unnatural  position,  sometimes 
elevated,  sometimes  depressed,  and  often  in- 
verted; this  phenomenon  .occurs  most  in  hot 
climates  over  surfaces  that  are  warmed  by  in- 
solation, such  as  sandy  plains. 

Mirages  may  occur  in  any  region,  even'acity 
street  They  are  generally  of  three  types,  ttfe 
inferior  mirage,  the  superior  mirage,  and  the 
lateral  mirage.  These  depend,  resjjectively,  on 
whether  the  spurious  image  appears  below,  above, 
or  to  one  side  of  the  true  position  of  the  object 
The  inferior  mirage  is  the  most  common  and  is 
responsible  for  the  illusion  of  a  body  of  water 
in  a  desert  or  for  the  illusion  of  a  wet  highway 
on  a  hot  summer  day.  The  Superior  mirage, 
more  spectacular  but  less  frequent,  causes 
distant  objects,  trees,  ships,  mountains,  etc, 
to  apear  inverted  in  the  sky.  Multiple  or  complex 
mirages  have  been  observed,  an  example  of 
which  is  the  Fata  Morgana. 


Corpuscular  Rays 

These  rays  are  beams  of  light  apparently 
diverging  fcrom-the  sun,  seen  both  before  and 
after  sunrise  ,and  sunset,  especially  in  a  hazy  or. 
humid  atmosphere.  The  beams  are  rendered 
luminous  by  tl\e  dust-x>r  water  -vapor.  They  are 
especially  striking  when  they  shine  through  rifts, 
in  the  clouds.  They  are  actually  parallel  and  their 
apparent  divergency  is  a  result  of  perspective. 


Rainbows    - 

The  rainbow  is  a  semicircular  arc,  usually 
.exhibiting  sill  the  pVimary*cclors,  which  appears 
opposite  the  sun  as  a  result  of  reflection,  re- 
fraction, and  diffraction  of  the  sunlight  or  moon- 

•  light  by  water  d»oplets»  Rainbows  occur  when  the 
sun  is  near  theiiorizon.  The  various  colors  are 
determined  by  the -waves  being  reflected  or  re-, 

^  fracted.  The  coloration  depends^pn  the*  size  of 
\the  droplets.  Large  droplets  yiela^illiant  bows, 
with  the  limiting, color  red.  Medium  drops  have 
a  limiting  color  of  oblige,  and  inside  the  violet 
there  are  bands  in  whichpink  predominates.  With 
sixiall  drops,  supernumerary  bows  appear  to  be 
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separate  from  the  primary  bow.  With  very  small 
drops,  the  rainbow  degenerates  into  a  white  fog 
with  faint  traces  of  col&r  at  its  edges. 


Haios 

A  halo  is  a  luminous  ring  around  the  sun  or 
the  moon  causeci  by  refraction  of  light  rays 
from  the  sun  or  moon  through  an  ice  crystal 
cloud  or  in  a  sky  filled  with  ice  crystals.  Halos 
occur  m  two  Sizes,  one  with  a  radius  of  22 
degrees  and  .the  other  with  a  radius  of  46  degees. * 
The  most  common  is  the  22-degree  halo  or  frag- 
ment of  it  in  a  circle  of  22  degrees  radius 
around  the  sun  or  moon,  red  on  the  inside,  fol- 
lowed by  yellow  and  green,  to  blue  on  the  outside. 
Whitish  halos  arecausedby  the  reflection  of  light 
from  the  surface  of  the  ice  crystals.  A  colored 
halo  may  be  distinguished  from  a  corona  by  the 
f  ac  t  that  it  has  the  red  nearest  the  sun  or  moon, 
while  the  corona  has'  the  red  in  the  outer  ring. 


Coronas 

A  corona  is  a  luminous  ring  surrounding  the 
sun  or  moon  caused  by  the  diffraction  of  light 
by  tiny  raindrops.  The  light  source  is  the  sun.  or 
the  moon.  As  distinguished  from  the  halo,  the 
color  sequence  of  the  coronals  opposite  that  of 
the  halo,  since  the  red  is  on  the  outside*  The 
radius  of  the  corona  is  inversely  proportional  to 
the  size  of  the  water  drops.  A  small  corona  in- 
dicates large  drops;  a  large  corona,  small  drops. 
When  a  corona  is  observed  to  be  rapidly  becom- 
ing smaller,  it  may,  in  conjunction  with  other 
signs,  indicate  that  a  storm  is  imminent,  be- 
cause the  more  humid  the  air,  the  larger  the 
water  droplets. 

Cloud  Iridescence 

Cloud  iridescence  is  actually  nothing  more 
than  a  portion  of  a  corona.  It  is  caused  by  the 
diffraction  of  light  from  the  sun  or  moon.  The 
particles  are  so  small  that  no  concentricity  is 
noticed. 
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APPENDIX  I 

SQUARES,  CUBES,  SQUARE  ROOTS,  CUBE  ROOTS, 
LOGARITHMS,  AND  RECIPROCALS  OF  NUMBERS 
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62.5000 

50  265 

201  062' 

17 

219 

4913 

4  1231 

2  5713 

1  23045 

51.1235 

53.407 

226.940 

11 

324 

5132 

4  2426 

2  '6207 

1 .25527 

55.5556 

56.549 

254.469 

19 

361 

6159 

4  3369 

2  6414 

1.27175 

52.6316 

59  690 

283.529 

In 

400 

1000 

4  4721 

2  7144 

1 .30103 

50.0000 

62  832 

314.159 

71 

441 

9261 

4  SI26 

2 . 7519 

1 .32222 

47  6190 

45 .973 

346  361 

32 

4*4 

10641 

4*6904 

2  1020 

i.  34242 

45.4545 

69.115 

380  133 

23 

529 

12167 

4  79SI 

2  1439 

1.36173 

'43.4713 

72  257 

415.474 

24 

S76 

13124 

4  4990 

2  1145 

1.31021 

41.6667 

75.398 

452.389 

25 

425 

1S625 

5.0000 

2.9240 

1.39794 

40.0000 

78.540 

490  874 

36 

474 

17574 

5  0990 

2  9625 

1.41497 

31.4615 

81.641 

530.929 

27 

729 

19613 

5  1962 

3  0000 

1.43136 

37  0370 

84.823 

572.555 

21 

744 

21952 

5  2915 

3  0364 

1  44714 

35.7143 

87.965 

615.752 

29 

441 

24319 

5.3152 

3  0723 

1  46240 

34.4121 

91.106 

660.520 

30 

900 

27000 

5.4772 

3.1072 

1.47712 

94.248 

704.858 

31 

961 

29791 

5  5671 

3  1414 

1.49136 

32  25*1 

97.389 

754  764 

32 

1024 

3276* 

5  6569 

3  1741 

1. 50515 

31  2500 

100.531 

404  248 

33 

1019 

3S937 

5  7446 

3  2075 

1.51151 

30.3030 

103.673 

155.2  V) 

34 

1154 

39304 

5  1310 

3  2394 

1.53141 

29.4111 

106  814 

907  920 

35 

122S 

42175 

5  9141 

3  2711 

1  54407 

21.5714 

109.956 

962  113 

34 

1294 

46656 

6  0000 

3  3019 

1.55630 

27.7771 

.  113  097 

1017  88 

37 

1369 

S06S3 

6  0824 

4  3322 

1  56120 

27  0270 

116  239 

1075  21 

31 

1444 

541/2 

6  1644 

3  3620 

1  57971 

26.3151 

119.381 

1134  11 

39 

1521 

- S9319 

6  24S0 

3  3912 

1  59106 

25  6410 

122  522 

1194  59  - 

40 

1600 

64000 

4  3246 

3  4200 

1  60206 

25  0000 

125.66 

1256  64 

41 

1611 

68921 

6  4031 

3  4412 

1. 61271 

24  390.2 

128  81 

1320  25. 

42 

1764  t 

74011 

6  4407. 

,  3  4760 

)  62325 

23  8095 

131  95 

1385  44 

43 

1149 

79S07 

6  S574 

3.5034 

1  63J47 

23  2554 

135  09 

1452.20 

44 

1936 

84184 

4.6332 

3.5303 

1.64345 

22.7273 

138  23 

1520.53 

«8> 
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Y 


9 

ERIC 


.  v. 


IS 1 


Square 

Cub* 

Km* 

Cub* 

1 

! 

1000 
x  Kmp 

Mm 

45 

202S 

91125 

6  7082 

3  5569 

!  1  65321 

22  2222 

141  37 

1 590  4  1 

44 

2116 

97336 

6  7823 

3  5830 

|  1  66276 

21  7391 

144  51 

1661  90 

47 

2209 

103823 

6  8557 

3  6088 

i  !  67210 

21  2766 

147  65 

1734  94 

41 

2304 

110592 

6  9282 

3  6342 

1  1  68124 

20  8333 

150  80 

1809  56 

49 

2401 

117649 

7  0000 

3  $593 

;  :  69020 

20  4082 

15)  94 

1885  74 

SO 

2500 

125000 

7  0711 

3  6840 

1  69897 

20  0000 

157  OK 

1963  SO 

51 

2601 

132651 

7  1414 

3  7084 

1  70757 

19  6078 

160  22 

2042  82 

52 

^704 

♦  140408 

7  2111 

3  7125 

1  71600 

19  2308 

163  36 

2 (23  72 

5* 

^809 

148877 

7  2801 

3  7563 

1  72428 

18  8679 

166  50 

2206  18 

54 

2916 

157464 

7  3485 

3.7798 

1  73239 

IK  5185 

169-65 

2290  22 

55 

3025 

166375 

T.  4162 

3  8030 

1  74036 

18  1818 

"172  79 

237S  83 

56 

3136 

175616 

7  4833 

3  82$9 

1  748 1 9 

i  |7  ^571 

175  93 

2463  01 

57 

3249 

1 85 1 9.1 

7  5498 

3  8485 

1  75587 

17  5439 

1 79  07 

255|  76 

51 

3364 

1951 12 

7  6158 

3  8709 

1  76343 

1  47  2414 

182  21 

2642  08 

59 

3411 

205379 

7.6811 

3 . 8930 

1  77085 

16  9492 

18S  35 

2733  97 

60 

3600 

216000 

7  7460 

3  9149 

1  77815 

16  6A67 

188  50 

2827  43 

61 

3721 

226981 

7  1102 

3  9365 

1  78533 

16  3934 

191  64 

2922  47 

62 

3144 

238328 

7  8740 

3  9579 

1  792J9 

16  1290 

194  78 

3019  07 

6J 

3969 

250047 

7  9J73 

3  9791 

1  79934 

IS  8730 

197  92 

31 1 7  25 

64 

4096 

262144 

8  0000 

4  0000 

1  80618 

IS  6250 

201  06 

3216  99 

65 

4225 

274625 

8  0623 

4^0207 

1  81291 

15  3846 

204  20 

3318  '31 

66 

4JS6 

287496 

8  1240 

4  '0412 

1  81954 

IS  ISt5 

207  15 

3421  19 

67 

4419 

300763 

8  1854 

4  0615 

1  82607 

14  9254 

210  49 

3525  65 

61 

4624. 

314432 

8  2462 

4  0817 

1  83251 

14  7059 

213  63 

3631  68 

69 

4761 

328509 

8  3066 

4  .1016 

1  83885 

14  4921 

216  77 

3739  28 

70 

4900 

343000 

8  3666 

4  1213 

1  84510 

14  2857 

219,91 

3848  45 

71 

5041 

357911 

8  426) 

4  1408 

1  85126 

14  0845 

223  OS 

3959  19 

7> 

5184 

373248 

8  4853 

4  1602  • 

85733 

13  XXX9 

j  v  noo w 

226  19 

4071  50 

7J 

5J29 

389017 

8  5440 

4  1793 

1  86332 

229  34 

4185  39 

74 

5476 

405224 

8  6023 

4. 1983. 

1  86923 

13  5135 

232  48 

4300  84 

75 

5625 

421875 

8  6603 

4  2172 

1  87506 

13  .1313 

235  62 

4417  86 

76 

5776 

438976 

8  7178 

4 .23SS 

1  880X1 

13  1579 

238  76 

4  5  36  46 

77 

5929 

456533 

8  7750 

4  2543 

1  88649 

1 2  9870 

24 1  90 

4656  63 

7t 

6084 

474552 

8*  83 1 8 

4  2727 

1  89209 

12  82QS 

245  04 

4778  36 

79 

6241 

493039 

8  8882 

4.2908 

I  89763 

12  6582 

248  19 

•490J  67 

80 

6400 

512000 

8  9443 

4.3089 

1  90309 

12  5000 

251  33 

5026  Sf  < 

tl 

6S61 

531441 

9  0000 

4  3267 

1  90849 

12.3457 

254' 47 

5153  00 

12 

6724 

551368 

9  0554 

4  3445 

1  91381 

12  1951 

257  61 

5281  02 

83 

6889 

.  571787 

9  1104 

4  3621 

1  91908 

12  0482 

260  75* 

5410  61 

14 

7056 

592704 

9  1652 

4  3795 

1  92428 

11  9048 

263  89 

5541  77 

15 

7225 

614125 

9  2195 

4  3968 

1  92942 

11  7647 

267  04- 

5674  50 

16 

7396 

636056 

9  2736 

4  4140 

1  93450 

11  627V 

270  18 

5808  80 

17 

7569 

658503 

9  3274 

4  43|0 

1  93952 

11  4943, 

273  32 

5944  68 

It 

77*4 

681472 

9  3808 

4  4480 

1  94448 

11  3636 

-  276  46 

6082  12 

19 

79£1 

704969 

1 

9.4340 

4.4647 

1  94939 

11.2360 

279  60 

6221.14 

Sum 

C*W 

1004 

t  Xwt*. 

C*r%m. 

Am 

K 

91 
91 
93 
94 

>  41CX 
424 
H6* 
164! 
483< 

)  729000 
I  753571 
1  774644 
>  404357 
J  430344 

9.446J 
9.53* 
9.591 
9.643 

'  9.6954 

1  4.4414 
1  4.4979 
1  4.5144 
r  4.5307 
\  4.5464 

1.95424 
1  95904 
1  96379 
1 . 96444 

1**97313 

11.1111 
10.9890 
10  8696 
10.7527 
10.6383 

712.74 
285.88 
289.03 
292.17 
_  295.31 

4361'.  75* 
'6503 .11 
6647.61 
6792.91 
*  49/39.74 

93 
94 
97 
91 
99 

901! 
92 1< 
940* 
9604 
9401 

!  437375 

>  444736 

>  912673 
941192 
970299 

9.7464 
9.796C 
9.444* 
9  199! 
9.94ft 

1  4.5629 
)  4.5789 
>  4.5947 
4  6104 
4.6261 

1. 97772 
1.94227 
1.98677 
1 .99123 
1.99564 

10.5263 
10.4167 
10*  3093 
10.2041 
10.1010 

298.45 

301. 39 
304.73 
307. 48 
311.02 

7084.22 
7234.23 
7389.81 
7542.96 
7697.69 

100 
101 
103 
103 
104 

1000C 
10201 
10404 
10609 
10816 

lbooooo 

1030301 
1061204 
1092727 
1124464 

10  oooc 

10  049? 
10.^995 
10  1449 
10^940 

>    4  6416 
4  6570 
4.6723 
4  6475 
4.7027 

2.00000 
2  00432 
2  00860 
2  01284 
2.01703 

10.00000 
9.90099 
9.80392 
9. 70874 
9*61538 

314  16 
317 .30 
320  44 
323.54* 
326  73 

7453.98 
8011.45 
4171.24 
8332.29 
8494.47 

103 
106 
107 
104 
109 

11023 
11236 
11449 
11664 
11411 

1157625 
1191016 
1225043 
1239712 
1295029 

10.2470 
10  2956 
10  3441 
10.3923 
10.4403 

4.7177 
4  7326 
4.7475 
4  7622 
4.7769 

2.02119 
2  02531 
2.02931 
2  03)42 
2  03743 

9  52381 
9.43396 
•9.34379 
9  25926 
9.17431 

329  47 
333.01 
336.15 
339.29 
342.43 

4659.01 
4424.73 
4992.02 
9160.44 
9331.32 

110 
111 
112 
113 
114 

12100 
12321 
12544 
12769 
12996 

1331000 
1367631 
1404924 
1442497 
1441544 

10,4441 

10.5357 
10.5430 
10.6301 
10.6771 

4.7914 
4  6059 
4  8203 
4  8346 
4  8448 

2  04139 
2  04532 
2  04922 
2.05308 
2*05690 

9  09091 
9  00901' 
8.92857 
8 .84956 
l! 77193 

345.54 
348.72 
351.46 
355  00 
358.14 

9503.32 
9676.49 
9852.03 
10028.7 
10207.0 

115 
116 
117 
111 
119 

13225 
13436 
13649 
13924 
14161 

•1520475 
1560896. 
1601613 
1643032 
1643159 

10.7238 
^10  7703 
10  8167 
10.8624 
10.9087 

4  4629 
4  8770 
4.4910 
4.9049 
4  9147 

2.06070 
2  06446 
2.06819 
Jl. 07188 
>07555 

8.69565 
8.62069 
8  54701 
8.47458 
8.40336 

361.28 
364.42 
367.37 
370.71 
373.85 

10386.9 
10568.3 
10751.3 
10935.9  - 
11122.0 

120 
121 
122 
123 
124 

14400 
14641 
14444 

15129 
15376 

1724000 
1771561 
1415444  i 
1860467 
1906624 

10.9545 
11.0000 
11.0454 
11.0905 
11.1355 

4.9324 
4.944* 
4.9597 
4.9732 
4.9466 

2.07918 
2.08279 
2  08636 
2 .08991 
2.09342 

8.26446 
8.19672 
8 . 13008 
8.06452 

376. 09 
380. 13 
383.27 
386.42 
389.56 

11309.7  ' 

11499.0, 

11649.9 

11842.3,. 

12076.3 

123 
124 
127 
124 
129 

15625 
15176 
16129 
16344 
16641 

1953125 
2000376 
2044343 
2097152 
2146649 

11.1403 
11J250 
1172694 
11.3137 
11.3574 

5  0000 
5.0133 
5.0265 
5  0397 
5.0524 

2.09691 
2.10037 
2.10380 
2' 10721 
t  1  into 

8.00000 
7.93651 
7.87402 
7.81250 

/  . IV* 

392.70 
395.44 
398.98 
402.12 
,405.27 

12271.8 
12469>.0 
12647.7 
12868.0 
13069.8 

130 
•131 
132 
133 
134 

16900 
17161 
17424 
17649 
17954 

2197000 
2244091 
2299964 
2352637 
2404104 

11.4014 
11.4455 
11.4491 
li.5326 
11.5754 

5.0653 
5  0744 
5.0916 
5.1045 
5.1172 

2.11394 
2.11727 
2.12657 
2.12385 
2.12710 

7169231 
7.63359 
7.57576 
7.51880 
7.44249 

408.41 
411.55 
4*4.69 
417.13 
420.97 

13273.2 
13474.2 
13644.8 
13492.9 
14102. 4 
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APPENDIX  it  * 

NATURAL  SINES/  COSINES,  AND  TANGENTS  * 
OF  ANGLES  FROM  0°  to  90°. 


\  r 


(r-iir 


7 

•.*• 

.  •.*• 

•.r 

0.T 

£ 

0 

Ma 

CM 
4*a 

0  OOOC 

1  0000 
0  0000 

>  0  0017 

1  oooc 

0  001? 

0.0034 

1  oooc 

0.0034 

0  0053 

1  oooc 

0  0043 

0  007C 
l.OOOC 
0  007C 

)|  0  00*3 
l.OOOC 
0.0047 

'  0.0104 
>  0.9991 
'  0.0104 

\  0.012 
0.9991 
0.0123 

\  0.014C 
0.9991 

1  0.014C 

>  0.0147 
0.999* 

)  0.0^7 

1 

•u 

CM 

Us 

0  0171 
0  99*4 

0.0171 

0.0193 
0  9994 
#0193 

0.0301 
0.9994 
0.0304 

0.0227 
0.9947 
0.0337 

<nu 

.  •  9997 
.0344 

0.03*j 
0.9*91 
0.0243 

1  0.0271 
0.9*91 
0  0371 

0.03*1 
0.9994 
0.03*7 

0.0214 
\  0.99*1 
0.0414 

0.0*22 
0.99*4 
0.0422 

2 

Ma 

CM 

Uai 

0  0344 
0  9914 
0  03* 

0  0344 
0.9993 
0.0347 

0  0344 
0.9993 
0.0344 

0.0401 
0  9993 

0.0403 

0  0419 
0  9991 
0  0414 

0.0434 
0.99*0 
0.0427 

0.0444 
0.9990 
0.0454 

0  0471 
0.9991 

0.0473 

0.0441 
0.9941 
0.04*4 

0.040T 
I  0.99*7 
0.0407 

3 

Ma 

,  tM 

Ua 

0  0*23 
0  HH 

0  0534 

0.0441 
0.9944 
0  0443 

0  0654 
0.9944 
0.0444 

Q.0674 
0.9943 
0.0477 

0.0942 
0.9943 
0.05*4 

i  0.0410 

Vo.mi 

^.0*13 

0.0*24 
0.99*0 
0.0*29 

0.044J 
0.9979 
0.0*47 

0.0443 
0.9971 
0.0644 

0.04*0 
09*77 
0.0*43 

4 

Ma 

CM 

Ua 
Ma 
Ua 

0  069* 
0.9971 
0.0*99 

00*73 
0  9943 
0.0*74 

0.0714 
0.9474 

0.0717 

0  0419 

A  DMA 

0.0443 

0.0723 
0.9973 
0.0734 

0.0904 

A  MIA 

0.0910 

0.0740 
4.9472 
0.0742 

0.0924 

A  Mi? 

0.0924 

0  0747 
0.9*71 
0.0744 

0.0941 
0.99*4 
0.04U 

o.«S? 

0.0*03 
0.99*4 
0.0*04 

0.0*74 
0.9*43 
0.0*41 

0.0*14 
0.9944 
0.0*23 

0.0992 
0.9*41 
0.0*94 

0.0*27 
0.99W 
0.0*40 

0.1011 
0.9944 
0.1014 

0.0444 
0.99*2 
0  0*47 

0.1024 
0  9*47 
0.10*2 

S 

0.0*42 

s 

Ma 

CM 

Ua 

0  10U 
0.9944 

0  1041 

0.1041 
0  9943 
0.1044 

0.1010 
0.9443 
0.10*4 

0.104T 
0.9440 

Q.ltiA 

0.1114 
0.9*44 

0.1123 

0.1122 
0.9*24 
0.1124 

0.1144 
0.9*24 
0.1 147 

0.1147 
0.9*22 
0.1174 

0.1144 
0.9990 
0.1192 

0.1301 
0.992* 
0.1210 

7, 

;Ma 

CM 

.  Ua 

0  1119 
0.9934 
0.1234 

0.1234 
0.9923 
0.1244 

0.1244 
0.9921 
0.1243 

0.1271 
0.9419 
0.1241 

0.1241 
0.9*17 
0.12*4 

0.1204 
.0.9*14 
0:1317 

0  1223 
0.9*13 
0.1224 

0.1240 
0.9910 
Q.1342 

0.1247 
0.9907 
0.1270 

0.1174 
0.9*04 
0.12*2 

8 

Ma 

CM 

Ua 

0.1*3 
0  9903 
0  1404 

0.1404 
0.9900 
0.1433 

0.1424 
0.9494 

0.1441 

0.1444 
0.9444 
0.1444 

0  1441 
0.9*4* 

0.1477 

0.1474 
0.9*90 
0.14*4 

0.14*4 
0  9**4 

0.1412 

0.1413 
0.99*4 

0.1440 

0.1410 
0.94*2 
0.14U 

0.1447 
0  94*0 
0.14*4 

? 

Ma 

CM  ' 

Ua 

0.1444 
0.9477 
0  1444 

0.1443 
0.9474 
0.1403 

0.1444 
0.9471 
0.1920 

0.1414 
0.944* 
0.1424 

0.1423 
0.9*** 
0.14*4 

0.1440 
0.9*43 

0.1473 

0.1*44 
0  9*40 
0.1*91 

0.1444 
0.9*47 
0.1704 

0.1703 
0.9*44 

0.1727 

0.1714 
0.9*41 

0.17a 

io 

Ma 

CM 

ua 

0  1734 
0.9444 
0.1743 

0.1744 
0.9444 
0,1741 

0.1771 

0.9442 

0.1799 
• 

0.1744 
0.9429 

0,1417 

0.1404 
0.9*24 
0.1*24 

0.1*23 
0.9423 
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1.2353 

0.7753 

A 

V.  ml 

1.2437 

0.7504 
0.4252 
1.2453 

0.7h5 
0  4234 

1.2527 

0.7524 
0.4221 
1.2572 

0.7537 
0  4211 
1.2417 

0.75a 
0.4154 
1.2442 

0.7544 

0  4144 

1  2704 

o!7544 

0*4170 
1  2753 

KO 

94* 

rim 

um 

0  7540 

A  CUT 

1.27ft 

0.7551 

■A  CI  43 
V.I1W 

1.2m 

0.7503 
1  2552 

0.7512 

A  CI  ft 

1.2535 

0.7523 
0.4101 
1  2555 

0.7534 
0.4051 

1.3033 

0J544 
0.4074 
1  3034 

0  7555 
0.4040 

1  3127 

0  7144 
0  4044 

1.3175 

0.7474 
0.4033 
1.3223 

DO 

rim 
*  Um 

0  7904 

V.  Wit 

1.3270 

0.7ff7 
1.3315 

0.5007 
1.3357 

0.5014 

A 

U.M/V 

1.3415 

0.5025 
0.5442 
1.3444 

0  5034 
0.5445 
1.3514 

0.5044 
0.5534 
1.3544 

0,5054 
0.5420 
1.3413 

0.5070 
0.5404 
1.5443 

0  4040 
0.5543 

1.3713 

04 

rim 
Um 

0  9000 

A  (t7f 

1  3744 

0.3100 

A  UAJ 

1.3514 

0  1111 

A  (MA 

1.3544 

0.4131 

A  UlU 
V.MN 

1.3414 

0.4131 
0.5431 
1.3444 

0J141 
0.5507 
1.4014 

0.4151 
0.1743 
1.407J 

0.4141 
0.1774 
1.4124 

0.5171 
0.1754 
1.4174 

0?4U1 
0  1750 
1.4224 

rim 
Um 

0.1112 
0  5734 
1.4251 

0.5302 
0  5721 
L4334 

0  5311 

V.9IV4 

1  4355 

0.5221 

A  (Ml 
V  MM 

1.4442 

0.5231 

A  (474 

1.4444 

0.5341 
0.5444 
1.4540 

0.5251 

A  UIA 

1.4404 

0.5241 

A  Ull 

1.044 

0  5271 
0  5421 
1.4715 

0  5251 
0.5404 

1.4770 

rim 

cm  - 
Um 

0  5230 

0  5302 

1  452f 

0.5300 
0.S577 
1.4552 

0.5310 
0.5543 
1.4535 

0.5320 
0.5545 
1.44*4 

0.5325 
0.5534 
1.5041 

0.5534 
0.5514 
1.5105 

6.55a 
0.5505 
1.1144 

0.5355 

0.5440 
1.1224 

0.5344 
0.5*74 
1.5253 

0  5577 
0.5441 
1.1540 

57 

rim 

CM 

Um 

0.5357 

0  5444 

1  53ft 

0.1344 
0  5432 
L5454 

0.5404 
0  £417 
L5517 

0.5413 

0.  5402 

1. 'mH 

0.5425 
04355 
1.5437 

0.5454 
0  5373 
L4447 

0.54a 

0  5354 

1.5757 

0.5453 
0  5344 
L641I 

0.5442 
0  5324 
1.5450 

0.5471 
0  4314 
L5441 

08 

rim 

cm 
Um 

0.5450 
0  5254 
1.4003 

0  5440 
0.1254 
1.1044 

0.5445 

(T.5270 
3.4125 

0.5504 
0.5254 
1.4141 

0. 4417 
0.5240 
1.4255 

0.5534 
0.5225 
1.4314 

0.5434 
0.5210 
1.4355 

0.55a 

0.1145 
1.4447 

0.5554 

0.  5150 

1.  U12 

0  5543 
0  1144 

1.4477 

69 

rim 

cm 
Um 

0  5572 
0.5150 

1  4443 

0.5551 
0.5135 
1.4704 

0.5140 

0.1130 
1.4771 

0.5544 

0.1104 
1.4542 

0.5407 
0.3040 
1.4404 

0.5414 

0.5075 
1.4477 

0.5425 
0.5040 
1.70a 

0.4454 

o.ioa 

1.7113 

0.54a 

0.5050 
1.7152 

0,5453 
0.4015 
1.7251 

Digs. 

7«mctU* 

V 

r 

15' 

S4' 

W 

54'' 

4T 

W 

54' 

/ 


(S* 
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1*7 


CO* 

#.«• 

o.r 

0.9*- 

60 

-  aa 

0.9940 

0  9444 

0.9971 

0.9494 

0.9495 

0.9704 

0.9713 

0.9731 

0  1739 

0  9731 

cm 

0.5000 

o  mi 

0497C 

0.495! 

0  433! 

0  4934 

0  4901 

0.4994 

0  4179 

0.4993 

tea 

1.7331 

1.7391 

1.7441 

1.7533 

1.79ft 

1.7973 

1.7747 

1.7930 

1.7993 

1.7944 

61 

«a 

0  vu 

0.9755 

0  8743 

0.9771 

0.9790 

0.9789 

0.9799 

0.9905 

0.9913 

0  8931 

cm 

o  au 

0.4433 

o  au 

0.4902 

0.4797 

0.4773 

0  4754 

0.4741 

0  4724 

0  4710 

tea 

1  9046 

1.4115 

1.4190 

1.9395 

1  9341 

1.9419 

1.8494 

1.9573 

1.8950 

1.9728 

«a 

0  5339 

0  9B3I 

0.9944 

0  9954 

0  9993 

0  9970 

0  8971 

0  1694 

0  9994 

0  1003 

62 

cos 

0.444* 

0  4|7f 

0.4944 

0  4444 

0.4433 

0.4417 

0.4402 

0.4594 

'0  4471 

0*4555 

tea 

1.5907 

1  1947 

1.9947 

1.9047 

1.9133 

1.5)310 

!  9393 

1.9375 

1  94*1 

1.9543 

63 

aa 

0  3010 

0  99fl 

0  9939 

0  9934 

0  9943 

0  9941 

0  995^ 

0  9995 

0  9973 

0  9990 

CM 

a.  O4o 

0  4534 

0.4509 

0.4493 

0.4473 

0*4443 

0  4444 

0  4431 

0  441J 

0  4399 

tea 

1.K24 

1.9711 

1*9717 

1.9993 

1.9970 

3.0097 

3.0145 

3.0333 

3  0333 

3  0413 

aa 

0  MSI 

0.9994 

0  9011 

0  9019 

0  9039 

0  9033 

0  9041 

0  9041 

0  9054 

64 

cm 

0.4314 

0  4344 

o!uS 

0.4337 

04331 

0.4)06 

0.4399 

0.4374 

0  4359 

04343 

tea 

3.0903 

3  0594 

;  3.0999 

3  0779 

3  0973 

3.0945 

3.1090 

3.1155 

3.1351 

3.1349 

da 

0  4063 

0  9070 

0  9071 

0.9095 

0  9093 

0  HOC 

0.9107 

0  9114 

0  9131 

0  9139 

66 

cm 

o  a* 

0  4310 

0  4195 

04179 

0  4143 

04147 

0*4131 

0.4114 

0^4099 

0  4093 

tea 

3  1441 

3,1543 

3.1943 

3.1743 

3.1943 

3.1943 

3  3045 

3.3149 

3  2251 

3.2354 

66 

da 

0  1135 

0  9143 

0  9150 

0  9157 

0  9144 

0  9171 

0  9171 

0  9194 

0  9191 

0  9199 

CM 

0  4047 

0  4051 

0  4035 

0  4019 

0.4003 

0*3997 

0*3971 

0.3945 

0  3939 

0.3933 

tea 

3  3440 

3  3544 

3  3973 

3.3711 

3  2999 

3.3999 

3.3109 

3.3330 

3.3333 

3.3445 

aia 

0  930& 

0  9313 

0  9319 

0  9235 

0.9333 

0  9339 

0  9345 

0  9353 

0  9359 

0  9399 

67 

CM 

0  3107 

03191 

0*3175 

0.3959 

0.3843 

0.3937 

0.3911 

0.3794 

0  3771 

0  3793 

tea 

2.3451 

3.34f3 

3  3799 

2  3909 

3.4033 

2  .'4 143 

3.4393 

3  4313 

3.4504 

3  4437 

68 

da 

0  8373 

0.9379 

•  0  9345 

0  9391 

0.9399 

0  9304 

0  9311 

0  9317 

0  9323 

OV30 

CM 

0  3744 

0.3730 

0.3714 

0.3997 

0.3491 

0*34*5 

0.3449 

0.3933 

0  3414 

0  3900 

tea 

'3.4751 

3.4474 

3.5003 

3.5139 

3.5257 

3.5399 

3.5517 

3.5449 

3  5713 

3.5919 

69 

aia 

0.1334 

0  9343 

0.9349 

0.9354 

0*9)41 

0  9347 

0  9373 

0  9379 

0.9315 

0  939L 

CM. 

0.15*4 

03547 

0.3551 

0  3534 

0*3319 

0.3503 

0.3494 

0.3449 

0  3453 

0  3437 

tea 

3  401! 

3.4197 

3.9335 

3.9444 

3  9909 

3.9749 

3.4999 

2.7034 

3  7179 

3  7334 

70 

0.f3t7 

0.9403 

0  9409 

0-4415 

0.9431 

0  9439 

0.9433 

0  9439 

0  9444 

0.9449 

'  CM 

0.3430 

0.3404 

0*33*7 

0.3371 

0*3153 

9.333* 

0.3333 

0*3305 

0*3299 

0.3373 

tea 

3.7473 

3.7935 

3.7774 

3.7939 

3.99a 

3.9339 

3.9397 

3.9559 

3.9719 

3.9979 

71 

aia 

0.9454 

0  9441 

0.9444 

0  9473 

0  9479 

0  9493 

0  9499 

0  9494 

0  9500 

O  9509 

CM 

0  3364 

0.3339 

0.3333 

0.3309 

0*3190 

0.3173 

0*3159 

0.3140 

0  3133 

0.31O7 

tea 

3.9043 

3.9909 

3.9371 

3.9944 

3.9714 

3.9997 

3.0091 

3.0337 

3  0419 

3.0994 

•or 

0.9411 

0.9494 

0.9431 

0.9937 

0.9533 

0.9937 

0.9943 

0.9949 

0  9491 

CM 

0.3090 

0.3074 

0.3097 

0.3040 

0.3004 

0.3097 

0.3990 

0.3974 

0.3997 

0.3940 

tea 

3.0777 

3.0991 

3.1144 

3,1334 

3. 1394 

3.1719 

3.1910 

1.3109 

3.3309 

1.3509 

* 

aia 

0.9443 

0.9949 

6.9473 

0.9979 

0.9993 

0.9499 

%  9999 

0.9999 

0.9V)3 

0.9909 

78 

CM 

0.3994 

0.3907 

0.3990 

0.3*74 

0.3997 

0.3949 

0.3933 

0.3907 

0  3790 

0.3773 

tea 

3.3709 

3.3914 

3.3132 

3.3333 

3.3544 

3.3719 

3.3977 

3.4197 

3.4430 

3.4944 

74 

ate 

0.9413 

0.9917 

0.9993 

0.9937 

0.90J3 

0.9941 

0.9949 

0  9440 

0.9991 

0.37M 

0.3740 

0.3733 

0.3999 

0.3999 

9.3973 

0.3994 

0.1939 

0.3433 

0.3909 

tea 

3.4474 

3. 4194 

3.1339 

3.1979 

3.9919 

3.9999 

3.9109 

1.9914 

1.9909 

1.7093 

r 

•  r 

tr 

W 

W 

W 

4T 

49Y 

*4' 
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Xf»s 


Dt(t- 

Fasctita 

4\r 

•J* 

j 

0.4* 

0.4* 

4.4* 

4.7* 

4ur 

4*4* 

75 

•U 

0  MM 

0.'9444 

0.9444 

0  9473 

^0.4477 

0.9441 

'0.9444 

0.9440 

0.9444 

4.9444 

COt 

o  2544 

0.257! 

0  2554 

0.2431 

"0  2431 

0.35ft 

0  3441 

0.24K 

0.3441 

0.34* 

tu 

3.7331 

t  75(3 

3.7441 

3.4114 

3.4391 

3.4447 

3.4447 

4  9332 

3.4430 

4.9413 

76 

«i* 

0  §703 

0  9707 

0.9711 

0  9715 

0.9730 

0.9724 

0  9724 

0.9733 

0.4734 

•  9740 

CO* 

0  2419 

0  2402 

0  2345 

0  2344 

0.2351 

J)  2334 

0  2317 

'0  2300 

0.2344 

0,2347 

tu 

4  0108 

4  0404 

4  0713 

4;  1023 

4.1335 

4  1453 

4.1974 

4.2309 

4  2434 

4  2473 

77 

tU 

0  9744 

0  9744 

0  4751 

0.9755 

0.9759 

0.9763 

0  9747 

0.9770 

0  9774 

0  9774 

cot 

0  2250 

0  2232 

0  2215 

0  2194 

0.2141 

0  2164 

0  2147 

0  2130 

0  2112 

0  3044 

tU 

4  3315 

4  3662 

4  4015 

4  4374 

4.4737 

4.5107 

4  5443 

4.5864 

4  6352 

4  4444 

78 

«im 

0.I7S1 

0  9785 

0  9789 

0  9792 

0.9794 

0  9799 

0  9803 

0  9404 

0  9410 

0.9413 

cot 

0  2079 

0  2062 

0.2044 

0  2024 

0  2011 

0  1994 

0.1977 

0  1942 

0.1134 

tU 

4  7041 

4  7453 

4  7467 

4.8248 

4  4714 

4.9152 

4.9544 

5  0404 

3  0970 

79 

tU 

0  5116 

0  9120 

0.9423 

0.9824 

i0.9429 

0  9433 

0  9834 

0*9439 

10  9442 

0  9445 

cot 

0  1906 

0  1391 

0  1874 

0.1857 

0.1440 

0  1422 

0  1805 

<f:J7H 

\>  1771 

0  U44 

tu 

5  1444 

5  W29 

5  2422 

5.2924 

4.3435 

4.3455 

5.4444 

5  5024 

I  5  5574 

5  4140 

80 

tim 

0  9141 

0  9851 

0HS54 

0.9857 

0.9460 

0.9443 

0.9464 

0  9449 

1  0  9471 

0  9474 

cot 

o  \m 

0  1719 

»m 

.0.1445 

0  1464 

0  1650 

0  1633 

0  1416 

0  1599 

0  1513 

US 

5  6713 

5  7297 

5  7494 

5  8502 

4  9124 

5.9754 

6.0405 

6.1046 

j  4  1743 

4  2432 

tim 

0  9177 

0  9880 

0  9442 

0  9845 

0  9484 

0  9490 

0  9893 

0  9445 

0  9444 

0  9900 

81 

cot 

0  1544 

0  1547 

0  1530 

0  1513 

0  1495 

0  1474 

0  1461 

0  1444 

0-1424 

0.1409 

tu 

4  3131 

6  3859 

6  4596 

6  5350 

6  6122 

6  6912 

4.7720 

6.4544 

.6  9395 

7.0244  t 

82 

tit 

0.9903 

0  9905 

0.9907 

0  9910 

0  9912 

0  9914 

0.9917 

0  9919*  0  9931 

0  9423 

cot 

0  1392 

0  1374 

0  1357 

0  1340 

0  1323 

0  1305 

0  1284 

0  127H  0  1253 

0  1236 

Us 

7.1154 

7  2066 

7.3002 

7  3942 

7  4947 

7  5954 

7. 6994 

7  4062 

7*4154 

5.0246 

83 

tU 

0  9925 

0  9923 

0.9930 

0,9932 

0  9934 

0  9934 

0.9938 

0  9940 

0  9442 

0.9443 

cot 

0.1219 

0  1201 

0  «44 

0  1167 

0  1149 

0.1132 

0  1115 

0  1097 

0  1040 

0  1044 

.  *** 

1  1443 

8  £636 

4  3463 

4  5126 

5  6427 

4  7769 

4  9142 

9.0579 

9  2042 

9  3572 

•i* 

0  9945 

0.9947 

0  9949 

0  9951 

0  9952 

0  9954 

0  9954 

0.9957 

0  9959 

0  9440 

84 

cot 

0  1045 

0  1024 

0  1011 

0  0993 

0  0976 

0  0954 

0  0941 

0  0924 

0  0904 

0  0419 

tu 

9.5144 

9  6764 

9  8444 

10  02 

10.20 

10  39 

10.54 

10.74 

10  99 

11  20 

>  tim 

0  9942 

0  9943 

0  9945 

0  9944 

0.9964 

0  9949 

0.9971 

6  9972 

0  9473 

0  9974 

85 

cot 

.00372 

0  0854 

0  0837 

0  0419 

0  0802 

0  0785 

0.0767 

0  0750 

0  0732 

0  0715 

tu 

ft  43 

11  66 

11.91 

12  16 

12.43 

12  71 

13.00 

13  30 

13  .42  ' 

13.94 

^  tim  * 

0  9976 

0  9977 

0  9974 

0  9979 

0.9980 

0  9941 

0.9942 

0  9943 

0  9494 

0  9445 

Oft 

So 

cot 

0  0691 

0  0640 

0  0643 

A  fJLi  V. 
V  v0%9] 

0  0410 

0.0493 

0  0576 

,0  0554 

0  0641 

u» 

14.30 

14  67 

15,06 

15  46 

15.49 

14  35 

i4.a 

17.34 

17  44 

14  44 

tU 

0  9986 

0  9987 

0  9948 

0  9989 

0  9990 

r%V990 

0  9991 

0  9492i 

0  9993 

0  9993 

87 

cot 

UA 

0  0523 

0  0504 

0  0444 

0  0471 

0  0454 

0.0436 

0  0419 

0  0401 

0  0344 

0  0346 

19  04_ 

19  74 

20  45 

21  20 

22  02  . 

2290 

23.44 

24  90 

24.03 

27.37 

tU 

0.9994 

0  9995 

0.9995 

0  9996 

0  9994 

0  9997 

0.9497 

0  9947 

0  9444 

0  9948 

88 

cot 
tu 

0.0349 

0  0332 

0  0314 

0  0297 

0.0279 

0  0242 

0  0244 

0.0227 

0  0304 

0  0143 

24  54 

30  14 

31  82 

33  69 

35.80 

38  19 

40.93 

44.07 

47.74 

13  04 

ttfl 

0  9991 

0  9499 

0*9999 

0  9999 

0  4990 

1  000 

1  000 

1.000 

1  000 

1.000 

89 

cot 
tu 

0  0175 

0.0157 

0  0140 

0  0122 

0  0105 

0  0047 

0  0070 

0.0053 

0  0034 

0.0017 

57  29 

43  66 

71  62 

31  U 

95  49 

114  6 

143  2 

191  0 

284  4  " 

173.0 

Dtp. 

Fuactlot 

4' 

IT 

14' 

14' 

W 

44' 

41' 

41' 

44' 

1 ' 

126 


199 


APPENDIX  III  / 

MATHEMATICAL  ^SYMBOLS 


SYMBOL  -     '       NAME  OR  MEANING 

+  "         Addition  or  positive  value 
\ 

Subtraction  or  negative  value 

±  Positive  or  negative  value 

*  •  Multiplication  dot  (Centered;  not  to' 

I  be  mistaken  for  decimal  point.) 


X 

sMultiplication  symbol 

( ) 

Parentheses 

o  ) 

Brackets^ 

{ } 

Braces  ' 

Vinculum  fnver  QfTirpV&\ 

% 

Percent 

Division  symbol 

V 

\    Ratio  symbol 

i  '•■ 

)  n  > 

Proportion  symbol 

Equality  symbol 

,  '  "Not  equal"  symbol 

< 

Less  thaa 

< 

Less  than  or  equal  to 

> 

Greater  than 

> 

Greater  than  or  equal  to 

/Grouping 
symbols 


SYMBOL 

V         Square  root  symbol 


NAME  OR  MEANING. 


i  or  j 


oc 


logn  N 
log  N 

In'  N 

X  i 

7T 


'"Varies  directly  as"  of  "is  p&ropor-  ^JL 
tional'to"  (Not  to  be  mistaken 
for  Greek  alpha  (or).)  /_  or 


Square  root  symbo^  with,  vinculum. 
Vinculum  is  made  long  enough  to 
cover  all  factors  of  the*  numb§£> 
whose  square  root  is  to  be  taken\ 

Radical  symbol!  Letter  n  repre- 
sents a  number  indicating  which 
root  is  to  be  taken. 

Imaginary  unit;  operator  j  for  elec- 
tronics; represents  /^T. 

Infinity  symfcxJl* 

Ellipsis.    Used  in  serifes  of  num- 
bers in -which  successive  num- 
bers are  predictable  by  their ' 
conformance  to  a  pattern;  mean- 
ing is  approximated  "etc." 

Logarithm  of  N  to  the  base  a. 

the  base  10. 


-Loga 
(und 


rithm  of  N  L  t 
nderstood)  I 


Natural  or  Napierian  logarithm  of  N. 
Base  of  the  natural  or  Napierian 
logarithm  system. 

Absolute  value  of  X. 

Pi.  The  ratio  of  the  circumference  % 
of  any  circle  to  its  diameter. 
Approximate*  numericfal  value  is  ' 
22/7.  - 

Therefore 

Angle 
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APPENDIX  IV 
GREEK  ALPHABET 


(■ 


Aai, 

Alpha 

Nu 

B  6 

'Beta 

2t 

Xi 

r  y 

Gtmmt 

Oo 

Omicron 

A  S 

Delta 

II  «va 

Pi 

Epsilon  . 

.P> 

\Jtho 

Zota 

•  2  «■  t 

¥, 

Eta 

•  Tr 

TMI 

9*0 

Thola 

T  v 

Upsiloit 

I  i 

Iota 

*** 

Phi 

K  K 

Kappa  * 

Chi 

A  X 

Lambda 

Psi 

U  p 

• 

Omeg* 

V 
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APPENDIX  V 

'  FORMULAS 


f<t</ 


A  =  8  2 


A-|h 


A  f  vr  2 
A  =  lw 
A  =  Ch 


Areas 

The  area  of  a  square  jr§  equal  to 
the  square  of  a  side. 

The  area  of  a  triangle  is  equal  to 
one  half  the  base  times  the 
height.  ♦  ^ 

The  area  of  a  circle  is  equal  to 
.   the  radius  squared  times  pi. 

The  area  of  a  rectangle  is  equal 
to  the  .length'  times  the  width. 

The  lateral  area  of  a  cylinder  is 
equal  to  the  ,  circumference  of 
the  base  times  the  height. 


A  =s  4ffr 2 


V  =  e3 

V  =  Bh 


Areas  m  . 

The  square  area  of  a  sphere  is 
equal  to  4  times  pi  times  the 
radius  squared*. 

Volumes 

The  volume  of  a  cube  ^equals  the 
cube  of  an  edge. 

The  volume  of  k  rectangular  solid 
or  cylinder  equals  the  area  of 
the  base  times  the  height./ 

The  volume  of  a  sphere  equals  4 
pi  times  the  radius  cubed. 


C       FAA  AC  72-4040 
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jfoTRODUCTION  TO  OCEANOGRAPHY 


'  ^  Oceanography  is  ttie^  application  of^tfte  five 
basic  sciencrj— physids,  chemisfry,  meteorology, 
'biology,  and  geology— to  \the  phenomena  of  the 
ocean.  The  Held  of  oceanography  embraces  a  var- 
iety Qf  widely  separated  fields  such  as  sedimen- 
tation, eeology,  bacteriology,  biochemistry;  hydro- 
dynamics, acoustics,  and  optics /Studiep  in  each  of 
{hese  fields  hive  been  made,  but  there  is,  still  - 
,th&  need         even- greater  efforts  In  all  of 
bceanogi^p  iyJs  related  fields.  The  incentive  fpr 
study  lies  i:\  ihe  afceas  of  transportation? climatic  . 
control,  and  the  potential  source  of  food,  fresh 
water,  mln^r?!  substances,  and  pqwer. 


The  fextc  nt  of  the  ocean  alone  makes  It  an 
.   impWajit^  subject  for  ^tudy.  The  ocean  covers 
7£.8  ^percent  of  the  surface  oftthe  earth.  The 
■  \  ocean's  divisions  comprise  this  70.8  percent  in  ths 
following  wajy:  the  Atlantic,  16,2  percent;  the 
Pacific,  32.4  percent;  the  Indian,  14.4  percent; 

fnd  marginal  and  adjacent  areas,  7.8  ^perce^t. 
^ee  figure  jl.)  The  Pacific  t  alone  covers  more 
uf  the  earth's  surface  than  the  entire  area  covered 
**by  land/       j*  . 
*      r  ■  I 

■  Cur  natiin.ls  framed  by. over  12,000  mites  of 
coastline.  GrAy  ohe  othef- continental  nation",  th^ 
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Figure  1.—  The  Earths's  surface—  land  vs.  water. 
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Soviet  Union,  has  a  longer  border, with  the  sea. 
,  America's  growth  as  jji  InternatlonaTpower  has 
be^n  enhanced  by  the  free  flow  of  thought,  talents, 
and  products  of  industry  over  the  sea.  In  1961, 
President  Kennedy  wrote  to  Congress,  "Knowledge 
of  the  oceans  is  more  than  a  matter  of  curiosity. 
Our  very  survival  may  hinge  jqp  it.V  The  ocean,* 
4  from  surface  to  bottom ,  is  a  strategic  zone  for* 
national  c^efense.  Our  citizens  turn  to  the,,  ^ea 
for  foo<V . recreation,  mineral  resources^  fresh 
water,%  and  waste  disposal.  Today,  the.s&a  holds 
food  resources  for  an  expanding  world  population, 
two-thirds  ,of  which  suffer  from  dietary  protein 
deficiencies.      *  * 

*       *  " 
As  the  ocean  holds  one  of  thev  keys  to  exist- 
'  ence,  It  also  holds  the  sword  of  destruction.  The 
complexities  of  air-sea  interaction  spawn  devas- 
tating '  hurricanes  and  storms  whose  winds  and 
water  surges  take  American. lives  and  destroy' 
our  property.  Each  year  thfftisands  of  our  citizens 
lose  their  lives  while  engaged  In, the  pursuit  of 
'  employn/ent  and  recreation  on ^pd  near  our  waters. 

THE  RATIONAL  OBJECTIVE 


The  federal  government  has  established  a 
broad  national  objective  in  oceanography;  to 
"comprehend  the  ocean,  its  boundaries,  Its  pro- 
perties, and  Its  processes,  and  to  exploit  this 
comprehension  In  the  public  Interest  and  In  the 
enhancement  of  our  security,  our  culture,  our 
International  posture,  and  our  economic  growth. 

Five  subordinate  goals  support  this  ob- 
jective: 

1.  To  strengthen  basic  science. 

2.  "  To  Improve  nattonaPdefense. 

•3.    To  manage  resources  in.  the  ocean. 

V 

4.  \To  manage  resources  in  domestic  waters. 


To  project  life  and  property  ashore  and 
to  Insure  the  Sfafety  and  efficiency  of 
operations  at  sea. 

^he  Interagency  Committee  on  Oceanography 
(ICO)  was  established  xln  1960  as  a  permanent 
cornmlttee  of  the  Federal  Council  for' Science 
and/  Technology.  The  Committee  was  charged  to 
provide  the  essential  direction  and  coordination 


of     the  national 


oceanographlc 


program, 

■  / 


Incorporating  Its  judgement  for  .  .**  *ce  and  em- 
phasis In  terms  of  both  -long-  -^-.g*  scientific^ 
needs  and  the  requirements  of  gove*-nment  agen- 
cies. .Operating  within  the  frame'1  *rk  of  the  Long 
Range  National  Oceanographlc  K.  .1963-1972)^ 
ICO  technical  panels  prepare  annu  .commenda- 
tions for  the  conduct .  pi  *  the  feJ_r.il  program. 
The  Committee  revtewVthese  recommendations  to 
Insure  program  b^tnce,  adequacy  ?i  resources, 
and  response  totiatlonal  goals.  Thd  Committee's 
r^pommended  program  Is  submitted  to  the  Fed- 
eral Council  for  Science  and  Technology  for 
final  review  And  approval.  ^ 

HISTORY  OF  OCEANOGRAPHY  \ 

•    V  .  , 

In  order^  to  fully  appreciate  th§-  goals  of 
^urrent  oceanpgraphic  programs,  you  should'be 
aware  of  the  progress  made  In  oceanography 
since  its  beginnings.  "*  * 

The  earliest  studies  of  the  oceans  were 
concerned  principally  with  problems  of  navigation. 
Information  concerning  tides,  currents,  soundings, 
Ice,  and  distances  between  ports  was  needed  as 
ocean  commerce  Increased.  According  fo  P.osi- 
donlus,  a  depth  of  1,000  fathoms  had  been  meas- 
ured in  the  *Sea  of  Sardinia  as  early  .as  the 
second  century  BC.  About  th^  middle  of  the 
19th  century,  the  Darwinian  theories  of  evolution 
gave  a  great  Impetus  to  the  collection*  of  marine 
organisms,  since  It  Is  believed  by  snme  that  all 
terrestrial  forms  have  evolved  from  oceanic 
ancestors.  Later,  the  serious  depiction  of  many 
fisheries  called  for  investigation  of  the  relation 
of  me  economically  valuable  organisms  to  the 
physical  characteristics  <rf  their  environment, 
especially  In  northwestern  Europe  and  off  Jap&n. 
Still  later,  the  growing  use  of  \he  oceans  In 
warfare^partlcularly  after  the  development  of  the 
submarine,  required  that  much  effortbe  expended 
In  pr^lems  of  detection  and  attack,  resulting 
In  the  study  of  many  previously  ne^Ucted  scien- 
tific aspects  eft  the  sea. 

Oceanographlc*  Exploration 

Exploration  of  the  seas  was  primarily  geo- 
graphical until  the  19th  century,  although  the  ac- 
cumulated observations  of  seafarers,  as  recorded 
In  the  early  charts  and  sailing  directions,  often 
included  data  on  tides,  i  currents,  and  other 
oceanographlc  phenomena.  The  gr.Mt  voyages  of 
discovery,  particularly  those  be#nr.;ng  in  1768 
with    Captain   Cook,    and   contin^-d  by  such 
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commanders  as  La  Perouse,  Bellingshausen,  and 
v  Wilkes,  Included  scientists  In  their  complements. 
However,  scientific  work  on  the  oceans  at  thigp 
\  period  was  severely  llmited'cy  lack  of  suitable 
Instruments  for  probing  corialtlojis  below  the  sur- 
face. Meanwhile,  Lieutenant  Matthew  Fontaine 
Maury,  USN,#  working  In  the  forerunner  of  the 
U.  S.  Naval  Ocfcano graphic  Office  In  Washington, 
developed  to  a  high  degree  of  perfection  the 
analysis  of  log-book  observations.  His  first 
results,  published  la  1848,  were  of  great  impor- 
tance to  ship  operations  In  the  recommendation 
of 'favorable  sailing  routes,  and  they  stimulated 
-  International  cooperation  In  the  fields  of  ocean- 
ography and  marine  meteorology. 

In  the  rapid  advances  In  technology  after  1850, 
^oceajfcgraphlc  Instrumentation  problems  were  not 
neglSted,  with  the  result  that  the  British  Navy 
In  1872-76  was  able  to  send  HMS  CHALLENGER 
around  the  world  on  the  first  purely,  deep-sea 
oceanographlc  expedition  ever  attempted.  Her 
bottom  samples,  as  analyzed  by  Sir  John  Murray, 
laid  fiie  foundation  of  geological  oceanography, 
and  77  o£  her  sea  water  samples,  analyzed  by 
C.  R.  Dlttmar,  proved  for  the  first  time  that 
varflous  constituents  of  the  salts  In  sea  water 
are  everywhere  In  virtually  the  same  proportions. * 

Since  that  time,  the  coastal  waters  and  fishing 
banks  of  many  nations  have  been  extensively  stud- 
led,  and  numerous  vessels  of  various  nationalities 
have  conducted  work  on  the  high  seas.  Notable 
among  these^have  been  the  American  ALBATROSS 
from  1882  tfr  1920;  the  Austrian  FOLD  In  the  . 
Mediterranean  and  Red  Seas  between  1890  and 
1896;  the  Danish  DAND,  which  during  its  voyages 
;of  1920-22  discovered  the  breeding  place  of  the 
European  eels  In  the  Sargasso  Sea;  the  American 
CARNEGIE  in  1927-29;  the  German  METEOR  in 
the  Atlantic  from  1928  to  1938;  and  the  British 
DISCOVERY  H  in  the  antarctic  between  1930 
and  1939.  Notable  also  were  the  drifts  of  the 
Norwegian  vessels  PRAM  and  MAUD  In  the  arctic 
Ice  pack  from  1893  to  1896  and  1918  to  1925, 
respectively;  the  attempt  by  Sir  George  Hubert 
Wilklns  to  operate  under  the  Ice  l  In  the  British 
submarine  NAUTILUS  In  1931;  aid  tHe  Russian 
_J  station  set  up  at  the  North  Poleln  1937,  which 
made  observations  from  the  drifting  pack  Ice. 

At  the  same  time,  Investigations  pursued 
.ashore  under  the  leadership  of  Helland-Hansen 
In  Norway  and  Ekman  and  the  Bjerknes  In 
Sweden  provided  the  theoretical  basis  for  the 
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exploration  of  ocean  currents.  Martin  Knudsen 
in  ifeunark  worked  out  the  precise  details  of 
the  relationship  between  chlorlnity,  salinity,  and 
density,  thus  enabling  the  theories  to  be  veri- 
fied by  field  observations. 


During  World  War  n,  basic  Investigations 
were  Interrupted  while  work  on  purely  military 
applications  of  oceanography  was  carried  out. 
Deep-sea  expeditions  were  renewed  by  the  Swed- 
ish ALBATROSS  afte^the  war,  followed  by  the 
Danish  GALATEA,  the  second  British  CHAL- 
LENGER (built  In  1931)  and  DISCOVERY  II  In 
the  antarctic,  and  vessels  of  the  American,  Scripps 
Institution  In  the  Pacific.  Oceanographlc  work  was  4 
carried  out  by  Americats  and  Russians  In  the 
^arc$c.  By  1961,  a  total  of  ten  Russian  and  three 
United  States  drifting  }ce  stations  had  been  estab- 
lished. Two  United  State?  stations  were  ajso  estab- 
lished aboard  floating  Ice  Islands. 

Institution  ^ 

Among  the  leading  oceanographlc  Institutions 
In  Europe  are  the  Geophysical  Institute  of  the 
-University  of  Bergen  In  Norway;  the  Oceanograpfilc 
Institute  at  Goteborg,  Sweden;  the  National  In- 
stitute of  ^Oceanography  In  Great  Britain;  the 
German  Hydro  graphic  Institute  In  Hamburg;  and 
the  Museum  of  Oceanography  at  Monaco.  The 
Marine  Biological  Station  at  Naples,  Italy,  has 
served  as  a  model  for  others  throughout  the  world. 

In  the  Far  East,  the  Hydrographlc  Division 
of  the  Maritime  Safety  Agency  is  perhaps  the 
most  prominent  of  a  number  of  Japanese  ocean- 
ographlc activities.  The  Institute  of  Oceanology  at 
Vladivostok  Is  the  foremost  oceanographlc  estab- 
lishment on  the'  Asiatic  mainland. 

Canada  maintains  the  Pacific  Oceanographlc 
Group  at  Nanalmo,  B.  C.,  and  the  Atlantic 
Oceanographlc  Group  at  St.  Andrews,,  N»  B. 
In  the  United  States,  the  leading  nongovernmental 
oceanographlc  Institutions  include  the  Scripps  In- 
stitution of  Oceanography  of  the  University  of 
California,  La  Jolla,  Calif.;  the  Department  of 
Oceanography  of  the  University  of  Washington, 
Seattle,  Wash.;  Woods  Hole  Oceanographlc  In- 
stitution, Woods  Hole,  Mass.;  the  Marine  Lab- 
oratory of  the  University  of  Miami,  Coral  Gables, 
Pla.;  „and  the  Department  of  Oceanography  of 
Texas  A.  h  M.  College,  College  Station,  Texas. 
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Thers.  exist  also  various  International  organ- 
izations In  the  field  of  oceanography,  which  co- 
ordinate and  promote  International  cooperation. 
The  International  Council  fbr  the  Exploration  of 
the  Sea  was  established  with  headquarters  In 
Copenhagen  to  exchange  data  on  fisheries  problems 
In  the  waters  of  northwestern  Europe.  The  Council 
has  been  notably  successful,  and  similar  organi- 
zations have  been  established  in  other  areas. 

THE  COAST  GUARD 

AND  OCEANOGRAPHY  ' 

Alexander  Hamilton,  in  a  4  June  1791  letter 
to  the  captain  of  the  revenue  cutter  BALTIMORE^ 
stated:  * 

It  has  also  occurred  (sic)  that  the 
Cutters  may  be  rendered  and  (sic)  in- 
strument of  useful  Information  „  con- 
gernln^  the  coasts,  Inlets,  Bays  and  > 
Rivers  of  the  iTnlted  Stages.  AncUt  will 
be  particularly  acceptable  if  the  Officers 

*~  improve  the  opportunities  they  will  have  > 
,  \   .  .  In  making  such  observations 

w  and  experiments'  in  respect  to  these 
objects  as  may  be  useful  in  the  busi- 
ness of  navigation,  communicating  the 
result  from  Jim  e .  to  t  Im  e  to  the  T  r  easury . 

This  directive  from  the  Secretary  of  the  Treas- 
ury of  our  fledgling  republic  Initiated  oceano- 
graphlc  and  hydrographic  data  collection  by  the 
parent  service  of  the  modern  Coast  Guard,  and 
these  activities  were  conducted  on  an  informal 
basis  for  more  than- 75  ye&rsf," 

fn  1867,  within  three  months  after  signing 
the  Alaskan  purchase  treaty  with  Russia,  the 
United  States  dispatched  the  revenue  cutter 
LINCOLN  to  assess  the  natural  resources  of  its 
netfly  acquired  domain*  The  territory  was  spar- 
sely inhabited,  and  the  Ifnds  and  waters  were 
virtually  unknown  to  the  new  owners*  For  several 
months,  the  LINCOLN  plied  Alaskan  coastal 
waters  while  scientists  aboard  collected  environ- 
mental data  and  samples.  Speed  and  direction  of 
tides  and  currents  and  temperatures  of  surface 
and  subsurface  seawater  were  measured  and  re- 
corded. The  cruise  of  the  LINCOLN  exemplifies 
early  Coast  Guard  activities  contributing  to  the 
still-expanding  interest  in  oceanography. 

For  over  100  years,  the  Coast  Guard  has 
pursued     a    policy    of    supporting  national 


ZOO 

oceanographic  projects  with  Its  unique  resources. 
This  activity  can  be. traced  from  the  .cruise  of 
the  cutter  LINCOLN  in  1867,  through  the.  Arctic 
expeditions  of  the  cutters  CORWIN  and  BEAR, 
(figure  2),  to  the  historic  cruises  of  the  cutter 
NORTHWIND  in  the  first  half  of  the  1960's,  and 
to  the  1970  cruise  of  the  cutter  SOUTHWINO. 


f 

Figure  2,-USCG  cutter^  BEAR  an<£  CORWIN  \n 
Alaskan  ice  jam,  about  1890. 


Since  1914  the  Coast  Guard  has  conducted 
the  International  Ice  Patrol  Service  in  the  North 
Atlantic  Ocean  as  required  by  46  USC  738  and 
the  International  Conference  on  the  Safety  of 
Life  at  Sea,  Some  Coast  Guard  contributions  to 
oceanography  which  were  produced  by  Ice  Patrol 
activity  are: 

1.  Development  of  survey  methods  into  a 
sophisticated  routine  to  produce  period- 
ically dependable  ocean-current  chans, 

2.  Development  jaf  standard  dynamic  topo- 
graphic charts  of  the  Grand  Banks  of 
Newfoundland. 

3.  Introduction  of  the  conductivity  bridge 
for  salinity  determinations  at  sea, 

4.  Introduction  of  a  portable  shipboard 
computer  for  rapid  data  processing  and 
p5bduction  of  dynamic  topographic  charts 
during  the  progress  of  a  siirvey. 

Although  hampered  by  lack  of  legislative 
authority,  the  ocean- station  program  brought 
another  opportunity  in  oceanography  to  the  Coast 
Guard,  However,  the  .oceanographic  work  of  the 
OSV's  was  limited  to  cooperative  projects  which 
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•were  funded  by  other  agencies.  Their  systematic 
time-series  observations  of  the  temperature 
/  structure    vi  plankton  distribution  constitute  the 
\  only  long-4  -r*  oceanographic  collections  at  these 
I  mid-ocer.'  cations. 

.  Recogn  :  ng  the  capabilities  of  the  Co'ast 
Guard  and  supporting  Presidential  emphasis  on 
oceanography,  the  87th  Congress  passed  an 
Act  \yhich  amended  Title  14  of  the  United  States 
Code  to  provide  for  expansion  of  Coast  Guard 
activities  to  the  conduct  of  "oceanographic  re- 
_ search  on  the  high  seas  and  in  waters  subject 
to  the  jurisdiction  o£  the  United  States."  Signed 
into  law  on  5  October  1961,  the  Act  added  a  new 
section  to  Title  14:. 


94.  Oceanographic  Research 


f 


The  Coast  Guard  shall  conduct  such 
.  oceanographic  research,  use  such  equip- 
ment or  Instruments,  and  collect  and 
.  analyze  such  oceanographic  data,  in 
cooperation  with  other  agencies, of  th4 
Government  or  not,  as  may  be  in  the 
national  interest. 

The  Coast  Guard  responded  to  the  Congres- 
sional mandate  by  issuing  a  nine-year  provisional . 
long-range  plan  in  'oceanography  on  5  March 
1962*  This  plan  suggested  four  basic  divisions 
of_Coast  Guard  oceanographic  activity:  - 

1.  Ocean  Station  Project 

2.  Special  Patrols  Project 

3.  Coastal  Oceanographic  Project 

4.  Cooperative  Facilijty  Projects 

The  1962  PlWn  receffunended  expansion  of  the 
Coast  Guara  Oceanographic  Unit  to  plan  Coast 
Guard  activities,  to  provide  scientific  and  tech- 
nical direction,  and  to  process  and  disseminate 
the  collecred  'iata.  By  1965  the  Unit  was  located' 
in  facilities  in  Washington,  Dt  C*  and  was  manned 
by  officer  and  enlisted  personnel  as  well  as 
scientific,  technical,  and  administrative  civilian 
personnel. 


In  August  1965,  the  Commandant  outlined  the 
Coast  Guard  program  and  its  areas  of  respon- 
sibility: ' 


3. 


Commandant  — ,  The  Commandant  directs 
the  Coast  Guard  oceanographic  program 
toward  fulfillment  of  the  Coast  Guard's 
goal. 

Toast  Guard  Oceanographic  Unit—  The 
Oceanographic .  Unit  is  responsible  for 
development  and  cognizance  of  standard 
intra-service  oceanographic  programs, 
provision  of  scientific  and  technical  sup- 
port for  these  programs,  and  the  conduct 
of  oceanographic  research  in  support  • 
of  Coast  Guard  missions. 

Area  Commander  —  Authorfty  for  approv- 
ing cooperative  oceanographic  projects 
involving  the  use  of  ships  and  aircraft 
und£r  his  operational  control  or  requir- 
ing coordinated  use  of  major  search  and  • 
rescue  facilities  of  more  than  one  district 
within  the  area  boundaries  resides  with 
the  ar^commaitder, 

"District  Commander^  —  Authority  fot 
approving  cooperative  projects  involving 
the  use  of  district 'facilities  on  a 'local 
basis   resides  with  the  district  com-  • 
mander. 

Unit  Commander  —  Responsibility  for 
proper  coquet  of  the  assigned  ocean- 
ographic missions  rests  with  the  unit 
commander. 

Supervision  —  The  authority  directing  the 
performance  of  a  cooperative  ocean- 
ographic project  is  responsible  for  con- 
tinued supervision  of  the  project  to  lis  » 
completion. 

Referral  —  Requests  to  assist  in  cooper- 
ative projects  which  are  of  doubtful 
oceanographic  validity  or  which  ap-' 
parently  conflict  with  or  duplicate  es- 
tablished programs  should  be* referred 
to  the  Commandant.  Any  other  proposal 
may  be  referred  to  the  Commandant  for 
advice  doncerning  the  propriety  of  pro- 
viding Coast  Guard  support. 


In  accordance  wim  an  interagency  agreement 
for  support  of  the^Ational  Oceanographic-  Data 
Center,  the  Coast  Guard  provides  funds  in  addition 
to  any  data  collected  in  cooperation  with  other 
agencies  or  Institutions. 
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Some  of  the  ships  and  projects  of  the  sixties 
were  the  CASCO  on  project  EQUALANT;  EVER- 
GREEN aruj  EAST  WIND  between  Brazil  and  the 
Mid- Atlantic  Ridge;  EDISTO  off  the  West  Coast 
of  -Cfflle  And  -ff  the  East  Coast  of  Argentina; 
NOR  mW  I  NO  i*  the  Arctic,  GLACIER  intheWed- 
dell  Sea;  COURAGEOUS,  LAUREL,  and  ROCK- 
AWAY  on  project  BOMEX;  and  the  ACUSHNET  in 
the  Pacific. 


AO* 


As  we  look  ahead  in  the  seventies,  there 
will  be  more  projects,  more  ships,  and  more  men. 
To  start  the  seventies,  we  have  an  Academy  pro- 
gram to  train  officers,  a  class  11  AH  school  at 
Governors  Island  to  .tram  enlisted  personnel, 
three  vessels  designated  WAGO's— the  ROCK- 
AWAY,  EVERGREEN,  and  ACUSHNET— and  the 
experience  to  do  the  varied  tasks  that  we  may  be 
called  upon  to  perform. 
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MARINE  GEOLOGY 


ORIGIN  OF  THE  OCEANS 

Although  many  leading  geologists  still  disa- 
gree with  the  conclusion  that  the  structure  of^lhe 
continents  is  fundamentally  different  from  that  of 
the  oceans,  there  is  a  growing  body  of  evidence  in 
support  of  the  theory  that  the  rocks  underlying 
the  ocean  floors  are  more  dense*  than  those 
underlying  tne  continents.  According  to  this  theory, 
all  of  the  earth's  crust  floats  on  a  central  liquid 
^  core,  and  the  portions  that  mike  up  the  continents, 
*  being  lighter,  float  with  a  higher  freeboard.  Thus, 
the  thinner  areas,  composed  of  heavier  rock, 
form  natural  basins  wt\ere  water  has  collected. 

d  The  origin  of  the  water  in  the  oceans  is  also 
controversial.  'Although  some  geologists  have 
postulated  <that  it  fell  in  great  torrents  of  rain 
as  soon  as  the  earth  cooled  sufficiently,  another 
school  holds  that  the  atmosphere  of  the  original 
hot  earth  vwas  lost,  and  that*  the  water  gradually 
accumulated  as  it  was  given  off  in  stegm  by  vol- 
canoes or  worked  to  fhe  surface  in  hot  springs. 


Most  of  the  water  on  the  earth's  crust  is  now 
in  the  oceans— about  328,000,000  cubic  statute 
miles,  or  about  85  percent  c£  trie  total.  The  mean 
depth  of  the  ocean  Is  approximately  3,800  meters 
(figure  4),  and  the  total  area  is  139,000,000  square 
statute  miles.  , 


BASIC  EARTH  STRUCTURE 

In  this  branch  of  oceanography,  we  shall  deal 
with  the  container  of  the  ocean.  The  basic  struc- 
ture of  the  earth  will  be  our  first  consideration, 

*  ^The  earth  is  divided  into  three  parts :  the  crust, 
mantle,  and  core.  The  crust,  also  called  the 
lithosphere,  is  the  outer,  solid  portion  of  the 
earth  that  is  bounded  by  the  atmosphere  and  the 
hydrosphere  and  by  the  mantle.  The  mantle, 
also  called  the  asthenosphere,  is  the  relatively 
plastic  ^region  between  the  crust  and  core  of  the 
earth.  The  core,  also  called  the  centrosphere,  is 
the  central  zone  of  the  earth,  (See  figure  5,) 
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Figure  4,-  A  relationship  of  approximate  height  and  depth  of  selected  points  to  mean  sea  level. 
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Figure  5.— Basic  earth  structure. 

Scientific  studies  In  seismology  and  gravity 
have  produced  many  Interesting  theories  con- 
cerning the  three  parts  of  the  earth.  One  such 


theory  suggests  that  the  con*  ->i  the  earth  is 
composed^  of  an  Inner  solid  ojre  of  Iron  and 
nickei  surroundejj  by  a  llqul^of  the  same  com- 
position. The  matatle  contains  th-  greatest  amount 
of  the  earth's  mass  andlsbelleve^tobe  composed 
predominantly  of  oxygen,  magnes'  i'n,  and  silicon. 
The  composition  of  the  crustls  the  division  of 
which  Marine  Science  Technicians  should  have 
the  greatest  knowledge  and  Interest. 


The  c^izst  of  the  earth  Is  composed  of  two  V. 
basic  rockiypes.  The  rock  of  the  lesser  density, 
called  SIAL,  Is  a  sillcdn-alumlnum  base  material  J 
and  flqpts  on  the  more  dense  SIM  A,  an  Iron-mag-, 
nesium  composite.  The  slma  layer  appears  to  be  a 
continuous  layer  over  the  mantle  while  the  lighter 
slal  Is  found  only  In  the  continent!  areas,  being 
of  lesser  density  and  riding  over  the  slmd  to 
-form  a  greater  thickness  of  the  cnst.  (See figure 
6.)  This  phenomenon  would  support  the  theory 
of   the  floating  continents  and  the  theory  of 
continental  drift. 


ire  6.— General  crustal  features  of  the  earth. 
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-General  tf*-rr.  Matures  extendi^  c-ovau 


The  MOHO,  named  after  a  Yugoslav  s*is^o«- 
ogist.  A  Mohorcv,Cic,  is  a  i8ne  of  discontinue 
between  the  crust  and  mantle  and  has  beend">Pr- 
mined  to  <*Xis*  at  an  average  deothof  35  kn  't^er 
continents  out  only  6  km  beneath  *the  oc«-»n  fkrr 
Evenihougb  Project  MOHOLE  tertina^d  bv 
ton^ss  »n  f  plans  are  m  existence  *r  -ir-il 
through  the  eirth-j  cr.st  w  ncrease  knc^e^ 
of  the  outer  portion  of  :he  earth 

OCEAN'S  CONTAINER 

Now  th*t  tAe  basic  earth  srr.c;.;:-^  -as  :  c>™ 
outiin^r  our  next  consideration  :i  the  ^ontafner 
or  tha\  portion  of  the  crust  that  i?  cov*r*ti  bv 
sea  water    Tbe  container  is  rjontf-illv  ch-Ve'1 

^fth/oeeu^J°r  pro*nces;  ^  continental 
sneix,  i2h  che  cortinental  slope  ana  rise,  ana  n 
the  ocean  basin. 

Continenw)  Steif 

In  ger^r*/  fte  continental  shelf  sloths  gentlv 
seaward  to  daptVis  usually  from  60  to  10')  thorns 
and  terminate*  it  a  break,  cali~«  *hp  continent^ 


~  tu  ■  o  r  *dnc  aro?s. 


shell  or^.;,  IP  -he  3i.,D.  ,vnere  thg  3entle  sl0Ke 
aorupt.v  becomes  much  steeper.  This  break  may 
range  from  i  sharp  r-dge  to  >  rounded  shoulder 
>vh.ere  tr.*-  sracic-nt  rmges  from  less  -than  1:1,000 
^-       '•  1  ?r;-.<<..*  rrjat^r  than  .1:40  rites. 

Or/m^tal  sh  «v«  van  «>»a«v  :n  -vidth 
».<  pe.  u  n5!n..r.uLs.it»i-«s  o:f  jisctatod coasts 
u*.  -tr.-as  .vmui  are  predominantly  low.  and  flat 
•rav  oe        -..in..,  ..s-rxio     rrouauinoua  coasts, 

!he,f..-.1rh»av'.raT,e  >: r;n  ~i2*s,  .rang- 
:r--n  n^iAr  rv-o  t».  ,v*r     J  r^il^.s 

vithir.  :a-  shUf  ownaafiss  terram*. 
■■".cg-6,  :n:iSi  depressions,  inc  steeo-walled  can- 
,'t.s  nav  occur,  '.here  chese  features  provide 
•  'vr'-ny  s  n  ,-iief,  fR«  .ro-«  i ;  -.a-iiod  a  continental 
■JoraAf  oik.  .  >n*  *r  ch«  ■.veil-known  -camples  of  a 
bonferlaad  rs  the  iroa  off  the  southern  California 
eowt.  .nstead  ol  rhe  usual  gently.sloping  area  of 
minor  reh-f  typical  ol  shelf  areas,  this  area  <s 
an  ratnslT*  region  of  peaks  and  valleys  more  or* 
•"ralk-j  ^  •:»*>  t~-  •vn-iDhio'  trends  of  the 
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adjacent  land.  Some  of  these  peaks  extend  above 
sea  level  to  form  Islands,  and  some  of  the  valleys 
reach  depths  exceeding  5,000  feet.  All  of  these 
features  #  occur  within  an  area  that  normally 
would  be  r.e  i-nated  a  continental  .shelf . 

Continental  Slope 

Beyond  the  break  at  the  seaward  edge  of  the 
shelf  is  the  continental  slope,  which  inclines 
downward  toward  the  ocean  depths,  giving  way  to 
a  less  steeply  sloping  zone  known  as  the  contin- 
ental rise  before  the  deep  sea  floor  is  reached. 
.   Generally  the  continental  slope  off  mountainous 
coasts  has  an  Incline  of  about  1:20  miles,  but 
off  coasts  with  wide,  well-drained  plains  these 
slopes  incline  abcmt  1:30.  Extreme  slopes,  such  as 
i^hose  ot£  volcanic  Islands  where  the  shelf  usually 
Is  absent,  may  incline  as  much  as  '50*.  As  on 
the  continental  shelf,  the  slope  can  and  usually 
does  have  minor  relief  superimposed*  What  is 
called  gullying  on- land  Is  a  feature  that  probably 
is  typical  of  most  of  the  slope  areas  of  the  world, 
particularly  on  the  upper  parts  of  the  slopes. 
Common  features  of  the  slope  are  extraordinarily 
large  gullies,  known  as  submarine  canyons.  Most 
canyon  heads  are  at  or  near  the  break  In  the  shelf, 
J>ut  a  few  extend  across  part  of  the  shelf.  The 
Hudson  Canyon  off  New  York  is  a  classic  example 
of  a  submarine  canyon. 

Ocean  Basin 

Continental  slopes  grade  smoothly  to  the  In- 
cline of  the  continental  rise,  and  this  in  turn 
grades  almost  Imperceptibly  to  the  floor  of  the 
ocean  basin.  This  transition  takes  place  at  great 
depth,  usually  500  fathoms  or  greater. 

The  deep  sea  floor  is  believed  by  many  to  be 
a  flat  featureless  plain.  Actually  it  does,  have,  at 
most,  a  very  gentle  average  Incline  of*  no  more 
than  1:90  mites.  However,  this  is  true  only  over 
considerable  distances.  The  relief  superimposed 
on  this   average  incline  may  be  at  least  as 
rugged  as  the  iaxger  topographic  features  found 
on  land.  For  example,  seamounts  rising  from  the 
ocean  floor  are  widespread  in  the  Pacific,  and 
great  mountain  chains  or  ridges  and  deep  trenches 
or  furrows  are  common  in  all  oceans,  (See  figure- 
8.)  The  larger  ridges  of  the  bottom  often  are 
oriented  parallel  to  the  coasts  of  the  continents 
so  that  the  oceans  are  divided  into  elongated 
basins.  Transverse  ridges  in  turn  tend  to  sub- 
divide these  basins  into  smaller  basins.  These 


bottom  features  are  found  in  the  Atlyitic,  Arctic, 
and  Indian  oceans  and  in  the  western  Pacific 
Ocean,  The  following  are  some  of  the  major 
longitudinal  ridges  In  the  world: 

1.  The  Mid-Atlantic  Ridge  divides  the  At- 
lantic Ocean  into  the  western  and  eastern 
basins.  This  most  conspicuous  of  longitudinal 
ridges  extends  from  Iceland  south  across  the 
Equator  to  about  55°S.  The  ridge  rises  from 

%  depths  of  about  2,500  fathoms,  is  continuous 
at  depths  of  less  than  1,500  fathoms  over  the 
greater  part  of  Its  length,  and  in  several 
places  rises  above  .sea  level  to  form  islands 
such  as  the  Azores,  St.  Peter  and  St,  P&il 
Rocks,  Ascension,  and  Tristan  da  Cunha, 

2,  The  Indian  Ridge  extends  from  India 
to  Antarctica  and  is  wider  but  does  not  rise 
as  close  to  the  surface  as  the  MUfrAtlantic 
Ridge.  / 

.  3,  In  the  Pacific  Ocean  the  ridges  are  less 
conspicuous,  though  the  West  Pacific  Ridge, 
which  is  composed  of  several  shorter  ridges, 
can  be  traced  from  Japan  to  Antarctica, 
Another  ridge  extends  south  and  west  of 
Central  America, 

4,  In  the  Arctic  Ocean  the  Lomonosov  Ridge 
extends  from  northern  Greenland  to  the  shelf 
off  the  New  Siberian  Islands  and  separates 
this  ocean  into  two  basins, 

Frenches  are  of  much  more  limited  extent 
than  the  great  ridges,  but  within  these  relatively 
small  areas  the  deepest  points  in  the  ocean  are 
found.  Depths  in  some  of  the  deepest  trenches 
are  in  excess  of  34,000  feet,  with  the  deepest 
sounding  (36,173  feet  reported  by  the  VITYAZ, 
March  1959)  recorded  in  the  Marianas  Trqnch, 
Conversely  the  highest  mountain  on  land,  Mount 
Everest,  has  a  height  of  approximately  8,850 
meters.  (See  figure  4.) 

Probably  many  of  the  sea  bottopi  features 
have  existed  essentially  unchanged  since  tneir 
formation,  since  little  or  no  erosion  takes  place 
at  the  depths  in  which  they  are  found.  These  same 
features  on  land  soon  would  tend  to  be  smoothed  f 
and  leveled  by  the  action  of  wind  and  water.  Most 
of  the  bottom  features  subject  to  active  erosion 
are  those  near  enough  to  the  surface  to  be 
affected  by  wave  action  or  strong  currents,  which 
tend  to  level  Irregular  surfaces.  The  topography 
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Figure  9.— Nomenclature  of  Sediment  Types. 


of  the  bottom  is  modified  primarily  by  sedimen- 
tation. Sedimentary  debris  accumulating  slowly  on 
the  bottom  masks  minor  irregularities  by  filling 
depressions.  Underwater  photography  has  shown 
that  areas,  of  current  flow  are  relatively  free 
of  sedimentary  debris  while  areas  of  no  motion 
show  an  undisturbed  bottom  covered  by  sediment 
with  the  mounds  and  burrows  of  bottom  dwellers. 

Composition  of  Ocean  Floor 

The  ocean  floor  is  composed  of  material 
deposited  there  through  the  years.  The  materials 
range  in  size  from  the  finest  clays  and  colloidal 
particles  to  bedrock,  most  of  the  material  ranging 
from  clay-to  sand  particles  in  size.  (See  figure  9.) 
The  type  of  bottom  that  will  be  present  in  an 
area  is  dependent  on  factors,  such'as  the  geologic 
hlatory  of  the  area  and  the  present  environmental 
conditions. 


Bottom  composition  may  include  bedrock,, 
living  or  dead  coral,  calcareous  algae,  or  detrltal 
material.  The  last  term  refers  to  particles  that 
have  a  comparatively  short  geologic  history  since 
separation  from  their  parent  rock,  coral,  or  algal 
masses.  This  material,  whether  solid  or  \n  sol- 
ution, has  been  transported  from  the  parent 
bodies  distances  ranging  from  a  few  hundred  feet 
to  many  miles.  The  transporting  medium  is  usually 
water,  although  minor  amounts  of  detrltal  material 
have  been  transported  by  the  atmosphere  before 
being  dropped  into  the  sea.  As  long  as  the  water 
masses  move  at  sufficient  velocity,  certain  sizes 
of  particles  remain  in  suspension  and  can  be, 
transported  from  one  plage  to  another.  However, 
when  the  velocity  drops  below  a  critical  value, 
some  of  the  larger  particles  in  suspension  are 
deposited  while  the  liner  material  rcmilWI  la 
suspension.  If  the  velocity  continues  to  decrease, 
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(Snly  the  smallest  particles  rematn  in  suspension. 
Thus,  the. size  of  the  materia!  being  transported 
and  deposited  depends,  on  velocity  and  associated 
turbulence- of  the  water.  * 

Marrne  sediments  are  subdivided  into  two 
major  groups:  pelagic  and  terrigenous.  Pelagic 
deposits  are  those  found  in  deep  water  far  from 
shore  and  may  be  predominantly  either  organic 
or  inorganic  in  origin.  These, deposits  are  char- 
acterized by  the  .absence  of  terrestrial  mineral 
grains  large*  than  colloidal.  The# most  common 
constituents  axe,, clay  minerals  and  the" remains 
of  plq^onicfSntael  hilar  organisms.  The  three 
m<  st  9>unc!antpebg,';  occhrr.trr.ts  *vre:'tflecalcar- 
cmj  oozes  (4e  pero-erit,  mostly  glofoigennaoozs), 
recu  clav  (oA  percent),  and  siliceous  oozes  (14 
percent,    mostly   diatom m  ooze).  (See  table  ?..) 

rerngenous  'lepooits  are  found  near  snore 
and  :n  most  serr.ienelosed  seas,  gulfs,  and  bays; 
tn  ;  N^ui'al.;  contain  some  ™  it-rial  of  land 
origr,j>--  r.gure  11.; 

Pelagic  deposit?  containing  more  than  JU  per- 
cent orgimc  material  ar?  known  as  oczes.  tsually 
fhvse  stu*  .^rnts  are  *\n:fe  oj*  ver\\r^at  colored. 
\  poguL.t.*  misconception  is  that  tht  oozts  are 
ver\  'tine  6ra:r.wu:  often  they  are  inj"ne  coarse  to 

into 
de- 
pending on  the  composition  of  their  organic  con- 
stituents. Ihese  two  types  .can  be  further  sub-, 
divided  r?ccor<jm^>o  the  characteristic  organism 
pr-sew,  .i^t  .l'htr.  fo*-  calcareous  category 
rhVre*  ir»  ;ioi>tg-rma.  ptercpod,  and  c^cooluh  • 
oozes",  ana  within  tne  siliceous  category  there 
ar<.  Ji.-ton.  'i:;d  'rnxuH'tnan  oozet.  (.-fee  table  i.)  , 

Pelagic  norgarac  deposits,  knovn  is  read  ay. 
contain  :<,3S  than  50  pr-rc^ff* organic  na'.etvui. 
Although  t  t.oct  red  e:a;.\  sinc-r  the  f:r?t  dimples 
collected  v  ->•&  jr.cs  red,  th-  ;-e  n*pcsi^  v>:<o 
occur  m  >ther  colors:  :n  tact  most  x  thvr.j  are 
brown  /i*  JMii  color .{egardics^  njior.  *nese 
Jeposits  xre  con-.LOseu  preaominantly  of  mac-.ru  1 
of  oiay  size  or  small  r. 

Terrigenous  i-n-'-^its  cover  a  a'd«j  ranc;e  of 
depths  ind  *  gr^it  viriaUon  in  color,  texture, 
and  composition.  Th** '  classification  of  these 
sediments  is  not  js  itraightfonv^ird  as  that  cf 
the  pelagic  sediment-;.  A  number  of  .systems  nave 
been  suggested,  hut  the  character  of  terrigenous 
•  Itsncsits  u  *p\  ivi*5  -so  much  upon  locil  conditions 


\er\  line  ^ra:r^u:  oiten  tney  are  in  •"he  coarse  ; 
fine  sard  i\inge.  Oozes  can  be  Subdivided  ini 
two  general  types,  calcareous  or  oiliceoub,  d€ 


15 


9 

ERLC 


2lb 


Table  L—  Areas  Covered  by  Pelagic  Sediments. 
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Total   

40. 1 
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IS. 9 

6.7 
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Data  on  Ocean*  Related  to  Geography 
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Figure  11.—  Distribution  of  the  Major  Types  of  Deep-S^a  Sediments  (See  TuMe  1.)  p 


♦that  no  one  system  has  a  very  wide  application. 
Compared  to  pelagic  depo^ifsT^errlgenous  de- 
posits cover  a  small  percentage  of  the  sea  floor. 
Since  they  show  great 'changes  in  characteristics 
within  relatively  short  distances  seaward,  the  oc- 
currence of  the  transitional  types  makes  definition 
.difficult.  Therefore,  a  system  of  merely  describing 
the*  mass  properties  of  the  bottom  materials 
must  suffice.  Descriptive  terms  which  depict 


the  color,  texture,  and  composition  of  materials 
are  Gsed;  such  terms  include  "green  diatomaceous 
stlty  clay"  or  "gray  calcareous  sn^d." 

The  thickness  of  the  sediment  »jover  over  the 
ocean  bottom  has  been  determine  at  a  number  ^ 
of  locathms  by  seismic  exploration.  Off  the  east 
coast  of  the  United  States,  th<-    i:okness  has  • 
been  estimated  as  abotit  17,(K  *    eet  on  the 
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conftnental  shelf  and  about  30,000  feet  on  the 
coatlnental  slope  and  adjacent  ocean  floor.  Off 
the  United  v>ates  along  the  outer  edge  of  the 
continental  shelf  in  the  Gulf  of  Mexico/sediments 
are  about  30,000  feet  thick.  Off  the  southern 
coast  of  Cuifornia  the  thickness  varies  from 
10f 000  feet  in  *he  basins  to  practically  no  sedtments 
over  the  ridges  where  rock  is  exposed.  This 
last  exitrple  is  fairly  typical  of  most  regions 
exhibiting  radical  topographic  differences;  that 
is,  the  amount  *of  sedimentary  cover  is  at  a 
minimum  ever  elevations  (nonexistent  in  some 
locations)  and  at,  a  maximum  over  depressions.  In 
general,  the  average  thickness  of  sediments  in  the 
Atlantic  has  been  estimated  to  be  about  2,000 
feet'  and  in  the  Pacific  about  1,000  feet.  The  value 
for  the  Atlantic  probably  is  higher  because  of  the 
greater  number  of  large  rivers  carrying  sediment 
into  this  ocean. 


Bottom  sediments  can  be  closely  associated 
with  the  transmission  of  underwater  sound,  part- 
icularly in  regard  to  the  bottom  reflfectjon  (bounce) 
mode  of  transmission.  The  mostsenfous  limitation 
of  this  type  of  transmission  is  the  loss  of  sound 
energy  into  the  bottom.  This  energy  loss  mainly 
depends  on  bottom  composition,  frequency  of 
sound  transmitted,  and  angle  of  incidence  of 
sound  ray  at  the  sea  bottom.  The  different  typei 
of  bottom  sediments  are  known  to  have  varying 
effects  on  sound  ranging,  and  several  factors 
have  been  suggested  as  the  principal  causes  of 
these  variation.  • 

Also  associated  with  our  consideration  of  the 
ocean  bottom  are  such  topics  as  mining  and 
petroleum.  \Ye  have  purposely  forgone  a  dis- 
cussion of  such  topics  in  order  to  emphasize 
those  areas  of  marine  geology  with  which  a 
Marine  Science  Technician  is  more  involved. 
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>  PHYSICAL  OCEANOGRAPHY 


Until  recent  years,  physical  oceanography*was 
probably  one  of  the  least  understood  subjects  of 
science.  In  general,  the  results  of  physical  ocean- 
ography found  the  greatest  application  in  the 
solution  of  fisheries'  problems.  Therefore,  phys- 
ical oceanography  was  considered  more  of  a 
secondary  study  in  the  field  of  marine  biology, 
and/most  of  the  early  investigations  made  by 
scientific  specialists  were  of  the  classic  or 
general  approach.  Specialized  investigation  in' 
other  related  fields  of  oceanography  has  evolved 
with  the  aggregation,  or  coming  together,  of  highly 
.    trained  re--<mchers,  each*  a  specialist  in  his  own 
field.  Because  of  the  existence  of  several  sim- 
ilarities between  oceanic  and  atmospheric  prob- 
lems, m4rt/  meteorologists  have  been  inducted 
into  and  successfully  adapted  to*  the  field  of 
physical  oceanography. 

Many  advances  in  physical  oceanography  have 
been  mada  a  the  last  few  years  as  a  result  of 
the  development  of  improved  observation  pro- 
grams aid  h-^h  speed  computer  .systems  which 
digest  vast  amounts  of  information  (climatological, 
observation!,  etc.)  previously  impossible  except 
through  lonr  and  laborious  physical  computations. 
This  accumulated  data  has  provided  the  basis  for 
many  stua^c  that  are  now  available, 

.Much  ?*^ater  improvement  in  future  instru- 
mentation nil  be  necessary  before  the  studv  of 
physical  ccemography  can  parallel  the  pace  of 
present-da/,  meteorology.  Original  instrumen- 
tation, ir5tr<mentation  in  numbers,  and  the 
feasible  meacw  of  utilizing  this  instrumentation 
are  needed  before  researchers  will  be  capable 
of  attaining  *he  desired  degree  of  worldwide  syn- 
optic observat'on. 

THE  THR££- LAYERED  OCEAK 

'A'connement  method  of  visualizing  the  sea 
is  to  divide  it  into  three  different  layers:  (1) 
the  mixeu  layer,  (2)  the  main  thermocline,  and 
(3)  the  deep  .ayer.  We  will  now  consider  the 
boundaries,  ranges,  and  variations  of  these  layers. 


The  mixed  layer  Is  a  region  of  fairly  con- 
stant warm  temperatures  which,  in  middle  lat- 
itudes, exist  frpm  the  surface  to  an  average  dEpth 
of  about  450  meters,  fn  this  layer  the  mixing  of 
-  water  is  caused  by  action  of  surface  storms,  wind 
friction,  wave  action,  etc.  Below  the  mixed  layers, 
no  matter  how  violent  the  storm,  no  mixing 
will  occur. 

The  main  thermocline  is  the  central  layer  of 
the  ocean  in  which  there  is  a  rapid  decrease 
of  water  temperature  with,  depth.  ' 

The  deep  layer  is  the  bottom  layer  of  water 
which,  in  middle  latitudes,  exists  oelow  1,200 
meters.  The  deep  layer  is  characterized  by  fairly 
constant  cold  temperatures,  gene.rallv  less  tnan 
4*C.  •  " 

PHYSICAL  PROPERTIES  OF  SEA  WATER 

Some  of  the  most  common  physical  prop- 
erties of  sea  water  are  temperature,  pressure, 
salinity,  density,  water  color,  transparency,  ice, 
and-  sound  velocity.  Less  commonly  known  or 
determined  properties  are  specific  heat,  osmotic 
pressure,  eddy  viscosity,  electrical  conductivity, 
compressibility,  radioactivity,  and  surface  ten- 
sion. Development  of  instrumentation  for  use  in 
securing  measurements  of  the  rnost  commou  of 
these, -parameters, nas  been  fairly  rapid" in  recent 
years.  The  least  common  parameters  are  usually 
determined  by  complex  mathematical  calculation 
and  formulation  from  one  or  a  combination  of  the 
common  parameters. 

Two  variaoies— temperature  and  pressure- 
determine  the  physidai  properties  of  pure  water. 
Here,  however,  we  are  interested  in  sea  water 
and  \ts  properties.  Besides  temperature  and  pres- 
sure, salinity  is  also  a  variable  to  be  considered. 

The  state  of  motion  and  the presenceof  small 
suspended  particles  are  also  important  attributes 
of  sea  water.  For  one  thing,  sea  water  absorbs 
radiation  differently  than  pure  water,  since  the 
suspended  nVUter  causes  increased  scattering  of  » 
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A.  —Mean  Annual  Sea  Surface  Temperature  (*C)  for  10*  Zones 


Northern  Hemisphere 

Southern  Hemisphere  S 

Mean 

Lati- 

for all 

tude 

Atlantic 

Indian 

,  Pacific 

oceans 

Atlantic 

Indian 

Pacific 

Mean  for  all  oceans 

0-10* 

2676 

27.9 

27.2 

27.3 

25.2 

27.4 

26.0 

26.4 

10-20 • 

25.8 

27.2 

26.4 

26.5 

23.1 

25.9 

25.9 

*  25.1 

20*30* 

24.1 

26.1 

.  23.4 

'  23.7 

21.1 

22.5 

21.5 

*  21.7  - 

30-40* 

20.4 

18.6 

18.4 

16.8 

17.0 

17.0  # 

17.0 

40-50* 

13.4 

10.0 

11.0 

'  8.6 

8.7 

11.2 

9,3 

50-60* 

8.7 

5.'7 

6.1 

1.8 

1.6 

5.0- 

3.0 

60-70* 

5.6 

3.1 

-1.3 

-1.5 

-1.3 

-1.4 

70-80* 

-1.0 

-1.7 

-1.7 

-1.7 

-1..7 

80-90* 

-1.7 

0-90* 

0-80* 

.20.1 

27.5 

22.2 

13.2 

14.4a_ 

15.2 

16.8 

,  16.0 
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B.  —Annual  Surface  Temperature  (*C)  Variations  in  Northern  Hemisphere 


latitude 

Equator 

10* 

20* 

30* 

40* 

50* 

Oceans 

2.3 

2.4 

3.6 

5.9 

7.5 

5.6 

Continents 

1.3 

3.3 

7.2 

10,2- 

14.0 

24. 4< 

Table  2,  —Mean  Temperature  Data 
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!  the  radiation,  bringing^  about  an  Increased  ab- 
sorption «n  layers  of  similar  thickness/  The. 
motion  oi  tfifc  water  causes  a  change  In  the  pro- 
cesses cf  chemical  diffusion,  heat  conduction, 
and  transfer  of  momentum  from  one  layer  to 
♦      4  another. 

It  can  readily  be  seen,  therefore,  that  some 
physical  properties  of  sea  water  are  dependent 
upon  pressure,  temperature,  and  salinity;  while 
on  the  other  hand,  other  properties  are  affected 
by  the  suspension  of  minute  matter  and  motion 
characteristics.  The  latter  variables  cannot  be 
accurately  measured;  wheteas  pressure,  temper- 
ature," and  salinity  can  be  determined  with  great 
accuracy. 

Temperature 

The  temperature  of  the"  sea  water,  primarily 
In  the  upper  portions  of  the  mixed  layer,  has  a 
marked  effect  upon  the  atmospheric  and  climatic 
conditions  ovti  the  surface  of  the  earth.  In  all 
latitudes,  the  tee-free  portions  of  oceans  receive 
a  surplus  oi  radiation  and,  therefore,  at  all 
latitudes,  heat  isN  given  off  to  the  atmosphere. 
Since  the  sea  retains  a  portion  of  this  heat,  the 
sea  surface  temperature  is  normally  higher  than 
the  air  temperature.  This  has  been  borne  out 
by  observations.  However,  this  is  true  only  when 
the  average  conditions  are  considered,  as  this  dif- 
ference is  dependent  upon  the  locality,  the  season 
of  the  year,  the  character  of  the  atmospheric  cir- 
culation, and  *he  character  of  the  ocean  currents. 

The  temperature  of  the  ocean  ranges  from 
about  -2°C  to  30°C.'Ocean  water  that  is  nearly 
surrounded  by  land  may  have  higher  temperatures, 
but  the  open  Sea,  where  the  water  is  free  to 
move  about,  hardly  ever  has  temperatures  higher 
than  30°C,  because  ocean  currents  distribute  the 
heat  and  tend  «o  equalize  the  temperature.  The 
temperature  deep  and  bottom  water  Is  always 
low^varytrg  be-ween  4*C  and  -TC. 

The  annvaf  variation  of  sea  surface  temper- 
atures in  any  region  depends  upon  the  variation 
of  incoming  radiation,  the  character  of  the  ocean 
currents,  io4  the  character  of  the  atmospheric 
circulation.  A1rhough  the  annual  'variation  of 
surface  tP/rperature  varies  from  one  locality 
to  another  a  few  features  stand  out.  First,  the 
annual  range  <?f  surface  temperature  Is  much 
greater  over -the  northern  hemispheric  ocean  than 
£>ver  that  of  tbe  Southern  Hemisphere.  Secohd,  in 


-  thh  ^southern-  hemispheric  ocean,  the  annual  range 
Is  definitely  related  to  the  range  of  Incoming 
radiation,  but  the  northern  hemispheric  ocean 
does  not  have  the  same  relation.  It  appears 
that  In  .the  northern*  ocean  the  great  range  of 
temperature  is  associated  with  the  character  of 
the  prevailing  winds,  particularly  the, cold  winds 
blowing  from  continent  to  ocean;  Near  the  Equator, 
a  semiannual  variation  exists,  correspondlngto  the 

"  semiannual  period  of  Incoming  radiation. 

The  diurnal  variation  of  sea  surface  tem- 
perature in  open  ocean  is  found  to  be  slight;  on  \ 
the  average,  from  0.2°C  to  0.3°C.  The  greatest 
variation  takes  place  in  the  Tropics,  with  lesser 
variation  at  higher  latitudes.  The  range  of  diurnal 
variation  depends  upon  cloudiness  and  wind  vel- 
ocity. 

For  subsurface  layers,  the  annual  variation 
of  temperature  depends  upon  several  additional 
factors,  namely,  the  variation  6f  the  amount  of 
heat  that  is  directly  absorbed  at  different  depths, 
the  effect  of  heat  conduction,  the  variation  in 
currents  related  to  lateral  displacement,  and  the 
effect  of  vertical  motion,  Diumally,  the  variation 
of  sea  temperature  in  the  subsurface  layers  is 
largely  unknown.  The  diurnal  variation  is  so  slight 
that  knowledge  of  the  small  variation  is  essential 
only  to  the  study  of  the  diurnal  exchange  of  heat 
between  the  atmosphere  and  the  ocean. 

The  basic  vertical  thermal  structure  of  the 
ocean  in  its  simplest  form  was  briefly  described 
under  the  "three-layered  ocean"  concept.  There 
is  generally  little  temperature  change  with  depth 
through  the  mixed  layer,  a  sharp  temperature 
decrease'through  the  thermocllne  layer,  and  a  re- 
turn to  a  gradual  decrease  in  temperature  through 
the  deep  water  layer.  (See  figure  12.) 

We  can  best  understand  the  basic  iatitudinal 
vertical  temperaure  distribution  by  considering 
(  the  vertical  temperature  distribution  at  high,  mid- 
dle, and  low  latitudes  in  winter.  At  high  latitudes 
the  vertical  temperature  structure  Is  essentiaHy 
Isothermal.  In  mid  latitudes,  the  structure  is 
essentially  the  same  as  that  described  above  for  " 
the  basic  vertical  structure.  In  low  latitudes,  tne 
mixed  layer  extends  to  about  300  feet,  with 
the  main  thermocllne  lying  between  300  and  2, 100 
feet.  (See  figure  13.)  In  this  layer  a  temperature 
drop  of  about  8°C  greater  than  in  mid  latitudes 
occurs  due  to  the  higher  surface  temperature  at 
these  latitudes.  The  deep  water  layer  lies  below 
2,100  feet. 
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Figure  12.  —Typical  thermal  structure  of  the 
oceans  (winter  conditions  in  midlatitudes). 

At  high  latitudes  there  is  no  marked  seasonal 
water  tempferature  change.  In  midlatitudes,  due  to 
the  gradual  warming  of  the  surface  layer,  a  sea- 
sonal thermocline  develops  at  a  depth  below  which 
*  the  warming  has  ho  effect.  This  warming  takes 
g^tce  in  the  upp§r  few  hundred  feet  of  the  surface 
layer.  It  results  in  a  seasonal  thermocline  becom- 
ing superimposed  on  the  main  thermocline  with 
the  total  thermocline  existing  over  a  broader 


range  of  depth.  Such  a  seasonal  thermocline  makes 
an  appearance  in  spring  and  disappears  by  late 
autumn.  (See  figure  14.)  In  low  l#tv*udes  a  small 
seasonal  temperature  change  mzY^>  '*  difficult  to 
distinguish  between  a  seasonal  thermocline  and  the 
permanent  thermocline. 


Salinity 

Salinity  is  formally  defined  c?s  "the- total 
amount  of  dissolved  solids  in  sea  w^ter  in  parts 
per  thousand  by  weight  when  all  the  .^rbonatehas 
been  converted  to  oxi.de,  the  br&mtsle  and  iodide 
to  chloride,  and  all  organic  matter  \S  completely 
oxidized."  The  symbol  used  to  express  salinity 
is  o/oo,  which  indicates  the  grams  of  dissolved 
material  per  kilogram  of  sea  water 

Salinity  of  sea  water  is  based  on  the  quantity 
of  dissolved  salts  contained  in  a  giv^n  amount  of 
sea  water  after  certain  chemical  changes  have 
taken  place.  Direct  determination  ef  cnese  values^ 
by  recommended  procedure  is  rarely  carried  out 
at  the  present  time,  because  the  "~"thod  is  too 
difficult  and  slow.  Sea  water  composition  adheres 
to  thej£aw  of  Constant  Proportions;  i.  e.,  the 
total  amount  of  the  major  constituents  in  any 
two  samples  is  always  present  in  the  same  rel- 
ative proportion*^  The  constituent  J  sea  water 
have  been  dividecfinto  major  and  minor  groupings, 
with  10  major  constituents  and  befween  32  and 
49  minor  constituents,,  depending  upon  the  ref- 
erence used.  (See  table  3.) 

Since  chloride  ions  constitute  njre  than  half 
of  the  total  amount  of  chemicals  :r«  ^ea  water, 
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Figure   13.  .  —North-south  distribution  of  a  simple  three-layered  ocean  (North  Atl  i^ic  in  winter). 
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salinity  values  can  be  empirically  related  to 
chlorlnlty  once  the  latter  has  been  established  by 
cherplcal  means.  In  1964,  the  IAPO  (International 
Association  of  Physical  Oceanography)  adopted 
the  following  equation  for  determining  salinity 
from  chjortnity:  Salinity  =  1.80655  x  chlorlnlty. 

Ocean  water  generally  has  k  salinity  between 
33  o/oo  and  ,  37  o/oo,  with  an  average  salinity 
of  35  o/ oo  for  the  world  ocean.  In  open  oceanic 
aireas,  surface  salinity  Is  decreased  by  pre- 
cipitation, Increased  by  evaporation,  and  changed 
by  vertical  mixing  and  Inflow  of  adjacent  water. 
In  nearshore  regions,  salinity  Is  generally  re- 
duced  by  river  discharge  and  runoff  from  land. 
In  regions  where  Ice  occurs,  salinity  generally 
Increases,  during  periods  of  Ice  'formation  and 
decreases  djirtng  periods^  of  Ice  melt. 

*  •  Surface  SWlnlty  varies  with  latitude  In  a  sim- 
ilar manner  In  all  oceans.  Maximum  salinities 
occur  between  2,0°  and  23*  north  and  south  latitudes, 
whereas  minimum  salinities  occur  near  the  Equa- 
tor and  toward  the  hlghfcf  latitudes*  (See  figure 
15.)  The  controlling  factor  In  average  surface 


Table  3.-  Sea  Water  Constituents. 


A.  Major  constituent* 

Chlonne   18.980  g;kg  (%) 

Sodium   10.561 

Magnesium   K272 

Sulfur   0  884 

Calcium   0.40 

Potaasium   0.3S0 

Bromine   0.065 

Carbon   0.028 

Strontium   0.013 

Boron    0.O05 

B.  Minor  constituents 

Silicon  4X10-^0  2X  10-* 

Fluorine   1.4X10-* 

Nitrogen  7X  10'7  to  6X  10"* 

Aluminum  5X  10** 

Kubidium  2x  10~7 

Lithium   lXlO-; 

Phosphorus   IX  10"*  to  IX  10**1 

Barium   5X10-1 

Iodine  5X  10-» 

Arsenic  iX  10"»  to  2X  10"1 

Manganese   1 X  10"'  to  1  X  10**1 

Copper   IX 10-* 

Zinc  5X10-' 

Lead  4X10"1 

Selenium  4X10-' 

Cesium  2X10-' 

Iranium   1.5X  10-' 

Molybdenum  5-X  10"" 

Thorium   5X  10-*» 

-   Cerium  4X10"" 

Siher  3X10-" 

Vanadium  3X  10"11 

Lanthanum   3X10-" 

Yttrium  3X  10"" 

Nickpl   1X10-" 

Scandium  4X  LO-'i 

Mercurv   3X  lO"" 

Gold..*.  6X1 0-u 

Radium  3X  10-"  to  2X  10**17 

Cadmium  _  Trace 

Cobalt  Trace 

Tin  '  Trace 


salinity  distribution  is  the  difference  between 
evaporation  and  precipitation  (E-P);  the  effect 
of  9cean  currents  is  of  minor  Importance.  Ex- 
ceptions to  this  general  statement  do  occur  and 
local  variations  should  be  expected,  especially 
near  the  mouths  of  such  rivers  as  the  Amazon, 
Bio  de  la  Plata,  and  Mississippi,  and  in  th3 
Atlantic  coastal  waters  of  the  United  Staces, 
Labrador,  Spain,  and  Scandinavia.  Probably  the 
best  known  region  of  strong  horizontal  salinity 
gradients  is  the  region  of  the  Grand  Banks  where 
the  warm,  saline  Gulf  Stream  waters  mix  with 
the  waters  of  the  colder,  less  saline  Labrador 
Current.  Here,  water  with  a  salinity  as  low  as 
32  o/oo  may  possibly  override  or  lie  adjacent 
to  water  of  salinity  greater  than  36  o/oo.  A 
similar  situation  prevails  in  the  Pacific  Ocean 
in  the  region  northeast  of  Japan  where  the  Kuro- 
shlo  and  the  Oyashlo  mix. 

Positive  (increasing  with  depth)  salinity  gra- 
dients tend  to  develop  In  latitudes  higher  than" 
40°  north  and  south,  where  precipitation  generally 
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exceeds  evaporation.  In  summer,  these  positive 


-  -salinity  grcdtents~~uSually~are  accom  panled  by 
strong  negAtvve  temperature  gradients.  Vertical 
stability  of  the  water  column,  especially  in 
coastal  regies,  results;  and  these  strong,  shallow 
salinity  (and  temperature)  gradients  persist 
throughout  the  summer. 

Pressure 

Pressure  beneatl#the  ocean  surface  is  meas- 
ured in  term*  of  decibabrs,  A  decibar  is  one-tenth 
of  a  bar.  As  you  alread^  know,  a  bar  is  1  million 
dynes  per  square  centimeter.  The  pressure  exerted 
by  1  meter  of  sea  water  very  nearly  equals  1 
decibar. 

The  C3use  of  the  great  pressure  near  the 
bot'tom  of  the  sea  is  the  weight  of  the  fluid  above. 
The  weight  per  unit  volume  of  sea,  in  turn,  varies 
with  the  temperature  and  salinity.  In  a  column 
of  water  of  constant  depth,  pressure  increases  as 
the  temperature  of  the  sea  decreases  or  the  sal- 
inity increases,  or  both. 


 Since  pressure  in  the  qc e an Js  essentially 

a  function  of  depth,  the  numerical  value  of 
pressure  in  decibars  approximates  the  ocean  depth 
in  meters.  Therefore,  the  range  in  pressure  is 
from  zero  at  the  surface  to  over  10,000  decibars 
in  the  deepest  part  of  the  ocean. 

Density 

Density  is  mass  per  Unit  volume.  In  oceano- 
graphy the  centimeter-gram-second  .system  is 
used,  in  which  density  is  expressed  as  grams  per 
cubic  centimeter.  The  ratio  of  the  density  of  a 
substance  to  that  of  a  standard  suostanCe  under 
stated  conditions  is  called  -specific  gravity.  By 
definition,  the  density  of  distilled  water  at  4°C  or 
39.2°F  is  one  gram  per  milliliter  (approximately 
one  gram  per  cubic  centimeter).  Therefore,  if 
this  is  used  as  the  standard,  as  ;t  is  in  oceano- 
graphic  work,  density  and  specific  gravity  are 
virtually  identical  numerically. 

The  density  of  sea  water  depenas  upon  salin- 
ity, temperature,  and  pressure,  (See  figure  16.) 


ICE  IN  THE  SEA 


23°  L 


25°-. 


*      r  - 

24°  ^- 


Figure  IS. 


10 


.    0  10  20  30 

SALINITY  PARTS  PER  THOUSANO 
Jationship  between  temperature  of  maximum  density  and  freezing  point  for  water  of 

varying  salinity. 


??7 


At  constant  temperature  and  pressure,  density 
varies  with  salinity  or,  because  of  the  relationship 
between  this  and  chlorinity,.  with  the  chlorinity. 
A  temperature  of  32°F  and  atmospheric  pressure 
a^  considered  standard  for  density  determination. 
The  effects  of  thermal  expansion  and  compress- 
ibility are  used  to  determine' the  density  at  other 
temperatures  and  pressures.  The  density  at  a 
particular  pressure  affects  the  buoyancy  of  various 
objects,  notably  submarines.  The  density  is  also 
important  in  relation  to  ocean  currents. 


The  greatest  changes  in  density  of  sea  water 
occur  at  the  surface,  where  the  water  is  subject 
to  influences  not  present  at  depth.  Here  density  is 
decreased  by  precipitation,  run-off  from  land, 
melting  of  ice,  or  heating.  When  the  surface 
water  becomes  less  dense,  it  tends  to  Tloat  on 
top  of  the  more  dense  water  below.  There  is 
little  tendency  for  the  water  to  mix;  therefore, 
the  condition  is  one  of  stability.  The  density  of 
sTurface  water  is  increased  by  evaporation,  form- 
ation of  sea  ice,  and  cooling.  If  the  surface  water 
becomes  more  dense  than  that  below,  it  sinks  to 
the  level  at  which  other  water  has  the  same  den-* 
sity.  Here  it  tends  to  spread  out  to  $prm  a  layer, 
or  to  increase  the  thickness  of  the  layer  below  it. 
The  less  dense  water  rises  to  make  room  for  it, 
and  the  surface  water  moves  in  to  replace  that 
which  tias  descended.  Thus,  a  convective circula- 
tion is  established.  The  circulation  continues  until 
the  density  becomes  uniform  from  the  surface 
to  the  depth  at  which  a  greater  density  occurs. 
If  the  surface  water  becomes  sufficiently  dense, 
it  sinks  all  the  way  to  the  bottom.  If  this  occurs 
in  an  area  where  horizorttal  flow  is  unobstructed, 
the  water  which  has  descended  spreads  to  other 
regions,  creating  a  dense  bottom  layer.  Since 
the  greatest  increase  in  density  pccurs  in  polar 
regions,  where  the  air  is  cold  and  great  quantities 
of  ice  form,  the  cold  dense  polar  water  sinks  to 
the  bottom  and  then  spreads  to  lower  latitudes* 
This  process  has  continue^  for  a  sufficiently 
long  period  of  time  that  the  entire  ocean  floor 
is.  covered  with  this  dense  polar  water,  thus 
explaining   the  layer'  of  cold  water  at  great 
depths  tn  the  ocean. 

As  we  will  see,  in  some  respects,  theocean- 
ographlc  processes  are  similar  to  those  occurring 
in  the  atmosphere.  The  convective  circulation  in 
the  ocean  is,  somewhat  similar  to  that  In  the 
atmosphere.  Water  masses  having  nearly  uniform 
characteristics-  are  analogous  to  air  masses. 


Compressibility 

Sea  water  is  nearly  incompr?, s..ble,  its  co- 
efficient of  compressibility  beipj  o~\\  0.000046 
per  bar  under  standard  conditions  ihis  value 
changes  slightly  uith  changes  ot  cew^rature  or 
salinity.  The  effe'ct  of  compression  s  to  force 
the  molecules  of  tfie  substance  cic^r  together, 
causing  it  to  become  ^more  dense  £\en  though 
the  compressibility  is  low,  the  Koui  effect  is 
considerable  because  of  the  amount  oi  water  in- 
volved. If  compressibility  of  sea  .vaterf  were 
zero,  sea  level  would  be  about  90  feet  higher 
than  it  now  is. 

Viscosity 

Viscosity  is  resistance  to  flcv  water  is 
slightly  more  viscous  than  fresh  svater.  Its 
viscosity  increases  with  greater  «*•  linty,  but  the 
effect  is  not  nearly  as  marked  as  that  occurring 
with  decreasing  temperature.  The-  rate  is  not 
uniform,  becoming  greater  as  the  temperature 
decreases.  Because  of  the  effect  of  temperature 
upon  viscosity,  an  incompressible  ;'Ject  might 
sink  at  a  faster  rate  m  warm  surface  water  than 
in  colder  water  below.  However,  for  most  objects, 
this  effect  may  be  more  than  offset  by  the 
compressibility  of  the  object. 

Because  of  the  turbulent  motion  Within  the  sea 
the  actual  relationships  existing  ill  ta .  jcean  are 
considerably  more  complicated  thar  ndicated  by 
the  simple  explanation  given  above. " u  disturbing 
effect  is  called  eddy  viscosity. 

Specific  Heat 

Specific  heat  is  the  amount  oi  heat  required 
to  raise  the  temperature  of  a  unit  mass  of  a 
substance  a  stated  amount'.  Inoceancg^iphic  work, 
specific  heat  is  stated  in  centimeter-gram-second 
units,  as  the  .number  of  calories  *i  /iejl  to  raise 
one  gram  of  the  substance  1°C.  Specific  heat  at 
constant  pressure  is  usually,  the  quantity. desired 
when  liqttids  are  involved,  but  occasionally  the 
specific  heat  at  constant  volume  is  required.  The 
ratio  of  these  two  quantities  has  a  direct  re- 
lationship to  the  speed  of  sound  in  sea  water. 

The  specific  heat  of  se£|  water  decreases 
slightly  as  salinity  increases.  Ho.vever,  it  is 
much  greater  than  that  of  land.  This  accounts, 
in  part,  for  the  greater  temperatme  range  of 
land  and  the  atmosphere  above  it.  lesulting  in 
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 SUBSTANCE  

wo- c^ir  iu  HaAT 

SOLIDS 

Asbestos 

0.200 

.  Bronze 

0.104 

Clay 

n  ion 

Glass 

0.160 

Ice 

u.ouv 

Sand 

m  .0.190 

Stone 

0,200 

LIQUIDS 

Alcohol 

0.650 

Ammonia 

1.012 

Mercury 

0.030 

Petroleum 

0.504 

Sea  water 

*  0.940 

Fresh  water 

1.000 

Table  ^-Representative  itgt  0f  the  Specific  Heat 
of  various  substances. 

monsoons  and  the  familiar  land  and  sea  breezes 
of  tropical  and  temperate  regions. 

Thermal  Expansion 

The  rate  of  expansion  with  increased  tem- 
perature is  greater  in  sea  water  than  in  fresh 
water.  Thus,  at  temperature  15°C  or  59*F  and 
atmospheric  pressure,  the  coefficient  of  thermal 
expansion  is  0.000151  per  degree  Celsius  for  fresh 
water  and  0.000214  per  degree  Celsius  for  water 
of  35  parts  per  thousand  salinity.  The  coefficient 
of  thermal  expansion  increases  not  only  with 
greater  salinity,  but  also  with  increased  temper- 
ature and  pressure.  At  35  parts  per  thousand,  the 
coefficient  of  surface  water  increases  from 
0.000051  per  degree  Celsius  at  0'C  to  0.000334 
per  degree  Celsius  at  30#C,  At  a  constant  temper- 
ature of  0'C  and  a  salinity  of  34.85  parts  per 
thousand,  the  coefficient  increases  to  0.000276 
per  degree*  Celsius  •  at  a  pressure  of  10,000 
decibars   (at  a  depth  of  approximately  10,000 
meters). 

Thermal  Conductivity 

In  water,  as  in'other  substances,  one  method 
of  heat  transfer  is  by  conduction.  Fresh  water  is 
a  poor  conductor  of  heat,  having  a  coefficient  of 
thermal  conductivity  of  0.00139  calories  per  sec- 
ond per  centimeter  per  degree  Celsius.  For  sea 
water  it  is  slightly  less  but  increases  with 
greater  temperature  or  pressure. 


Howeveiv-if~turbulenoe-ie->presentr-whlcb-it- 
nearly  always  (s  to  some  extent  in  the  'ocean, 
the  processes  of  heat  transfer  are  altered.  The 
effect  of  turbulence  is  to  increase  greatly  the 
rate  of  heat  transfer.  The  "eddy"  coefficient 
used  in  place  of  the  still-water  coefficient  Is  so 
many  times  larger,  and  so  dependent  upon  the 
degree  of  turbulence  that  the  effects  of  tempetttUTB 
and  pressure  are  not  important. 

Electrical  Conductivity 

Water  without  impurities  is  a  very  poor 
conductor  of  electricity.  However,  when  salt  is 
in  solution  in  w&ter,  the  salt  molecules  are  ionized 
and  therefore^  are  carriers  of  electricity.  Hence, 
the  electrical  conductivity  of  sea  water  is  direct- 
ly  proportional  to  the  number  of  salt  molecules 
in  the  water.  For -any  given  salinity,  the  con- 
ductivity increases  with  an  increase  in  tempera- 
ture. 

Radioactivity 

Although  the  aipount  of  radioactive  material 
in  sea  water  is  very  small,  this  material  is  present 
in  marine  sediments  to  a  greater  extent  than  in  the 
rocks  of  the  earth's  crust.  This  is  probably  due 
to  'precipitation  of  radium  or  other  radioactive 
material  from  the  water.  The  radioactivity  of  the 
top  layers  of  sediment  is  less  than  that  of  deeper 
layers.  This  may  be  due  to  absorption  of  radio- 
active material  in  the  soft  tissues  of  marine 
organisms. 

Refractive  Index 

The  refractive  index  of  sea  water  increases 
as  salinity  becomes  greater,  or  as  temperature 
decreases.  Since  it  varies  with  frequency  of  the 
radiant  energy,  the  "D  line"  of  sodium  is  usually 
used  as  the  standard  for  comparison. 

Surface  Tension 

Surface  tension  is  usually  expressed  in  dynes 
per  centimeter  or  ergs  per  square  centimeter.  . 
The  surface  tension  of  water  in  dynes  per  square 
,  centimeter  (pressure)  is  approximately  equal 
to  75.64  -  0.144T  +  0.0399C1,  'where  T  is  tem- 
perature in  degrees  Celsius  and  CI  is  the  chltfr~ 
iniy  of  the  water  in  parts  per  thousand.  As 
indicated  by  the  last  term,  the  surface  tension 
increases  with  chlorinity  and  is  therefore  a  little 
m\re  for  sea  water  than  for  fresh  water.  However, 
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the  presence  of  Impurities  causes  It  to  be  some-  - 
what  less  than  Indicated  by  the  formula. 

Transparency 

"Transparency' *  may  be  defined  by  any  of 
the  following  terms:  (1)  the  percent  of  surface 
light  present  at  a  specified  depth,  (2)  the  percent 
of  absorption  of  liglfc  per  unl£  length  of  pathf 
(3)  transmission  of  light  as  a  percentage  of 
transmission  through  distilled  water,  (4)  hydro-^ 
logical  range,  and  (5)  SecChl  disc  value. 

The  degree  of  transparency  Us  a  result  of 
the  combined  effects  of  scattering  and  absorption 
of  light  by  the  water  surface,  suspended  particles 
of  mud,  clay,  sand,  dissolved  matter,  and  plankton, 
as  well  as  water  molecules  themselves.  Scattering 
Is  the  redirection  of  light  by  suspended  particles, 
generally  smaller  In  size  than  most  plankton.  When 
a  train  of  light  waves  encounters  particles  (In- 
cluding molecules)  whose  dimensions  are  com- 
parable to  the  wavelength  of  the  light  transmitted, 
scattering -occurs  ^Minute  particles  scatter  blue 
light  most  effectively,  whereas  larger  particles 
(size  of  chalk  dust  or  larger)  scatter  all  wave- 
lengths equally  well*  Absorption  Is  the  process  of 
reduction  of  light  through  light  conversion  Into 
other  forms  of  energy,  namely,  heat.  This  Is 
accomplished  by  suspended  particles  and/or 


Figure  17,—  Relative  transmission  and  scattering 
of  various  colors  by  water,  > 

water  molecules.  About  50  percent  of  the  total 
radiant  energy  Is  absorbed  In  about  the  first  2-lnch 
layer  of  the  sea  surface. 

In  distilled  water,  scattering  Is  related  to  the 
molecular  structure  of  the  water.  However,  light 
absorption  In  normal  (35  o/oo  salinity)  sea  water 
does  not  differ  In  any  Important  respect  from  that 
In  distilled  water  and,  as  far  as  true  absorption  is 
concerned,  sea  water  Is  Identical  with  distilled 
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Figure  18.—  Transparency  chart  of  the  North  Atlantic  Ocean, 
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water.  In  clear  qceanic  water,  absorption*  pre- 
dominates, but  in  turbid  nearshore  waterg,  scat- 
tering is  ft«  dominating  factor  although  absorption 
still  is  important. 

~ Water  Coior  -*i 

Deep  (clear)  ocean  water  is  very  transparent 
to  the  blue  portion  of  the  light  spectrum;  deep 
water  is  less  transparent  to  green,  yellow,  and 
violet.  The  transmission  of  red,  infrared,  and 
ultraviolet  light  is  practically  nil  in  the  sea. 
In  the  more  turbid  coastal,  bay,  and  estuarine 
"  *  waters,  green  and  yellow  light  penetrate  to  greater 
depths  than  does  the  blue  light.  (See  figure  17.) 

The  various  wavelengths  of  light  are  scattered  ' 
differently  by  oceanic  water.  The  scattering  of 
blue  light  ijy  water  molecules  and  minute  sus- 
pended particles  results  in  the  apparent  blueness 
of  the  deep  ocean  water.  However,  the  change  in 
water  color  from  blue  to  green  and  yellow  jn 
coastal  arm  cannot  be  attributed  solely  to  scat- 
tering; part  is  ascribed  to  the  inherent  colors 
of  suspended  particles  or  dissolved  solids  and 
gases.  Plankton  often  imparts  a  greenish,  yellow- 
ish, or  brownish  red  color  to  the  water. 

Ice 

Ice  covers  about  3  percent  of  the  world's 
water  surfaces.  The  two  main  types  of  ice  found 
irt  the  seas  and  oceans  are  sea  ice,  which  accounts 
for  95  percent  of  the  total  coverage,  and  glacier 
ice.  Sea  ice  results  from  the  Sreot  freezing  of  sea 
water.  It  m*y  be  subdivided  into  ice  of  one  year's 
growth  or  1  jss  (young  ice  and  first-year  ice)  and 
ice  of  more  tfian  one  year's  growth  (old  ice  or 
second-year  ^ce  and  multi-year  Ice).  A  further 
breakdown  distinguishes  between  freely  floating 
ice  (drift  ice)  and  ice  that  is  attached  to  the 
shore  (shoreiast  ice).  Glacier  ice  initially  ist 
composed  <-f-Wrge  accumulations  of  compacted* 
snow  that  ix  ch  the  sea  as  coastal  glaciers  and 
ice  shelves.  The  fronts  of  these  glaciers  break  off 
and   relea/'    arge  numbers  of  icebergs  and 
growlers,  v  iicn  then  float  away. 

Sea  Ice- 
Young  ice  and  first-year  iee  -  This  ice  forms 
in  one  year  <?r  less.  Young  ice  ranges  in  thickness 
from  lO^o  30  centimeters,  whereas  first-year 
ice  -is  at  leaet  30  centimeters  thick.  Since  ice 
does  not  usn»     form  during  summer,  the  period 


of.  ice  formation  generally  begins  with  the  owset 

_of  freezing  weather  in  autumn. 
* 

The  freezing  of  a  body  of  water  is  governed 
primarily  by  the  temperature,  salinity,  and  depth. 
However,  the  formation  of  ice  may  be  retarded 
£y  winds,  currents,  and  tides.  Pure  watetfreezes 
at  0*C,  but  the  freezing  point  of  sea  wJter  de- 
creases approximately  0.28°C  per  a  5  o/oo 
increase  in  salinity.  Thus,  at  35  o/oo,  water  will 
begin  to  freeze  at  -T.9*C.  (See  figure  16.)  Shallow 
bodies  of  low  salinity  water  (less  than  24.7  b/oo) 
freeze  more  rapidly  than  deeper  basins- because 
a  lesser  volume 'must  be  cooled.  As  a  resuit,  the 
first  ice  of  autumn  usually  appears  in  the  mouths 
of  rivers  that  empty  over  a  shallow  continental 
shelf,  such  as  that  of  northern  Siberia,. 

During  the  increasingly  -longer  and  colder 
nights  of  autumn,  winter  fast  ice  forms  along  • 
the  shorelines  as  a  semipermanent  feature  and 
widens  by  spreading  into  more  exposed  waters. 
When  islands  are  close  together,  as  in  the  East 
Siberian  Sea,  winter  fast  ice  blankets  the  sea 
surface  and  bridges  the  waters  between  all  land 
areas.  Winter  drift  ice  usually  forms  in  the 
numerous  openings  within  the  polar  pack,  in  the  ' 
open  water  of  the  surrounding  seas,  or  along  the 
edge  of  fast  ice  that  is  broken  by  the  action  of  wind, 
tide,  and  current. 

Second- year  ice  or  multi-year  ice  -  This  ice 
is  the  perennial  sea  ice  found  primarily  in  the 
arctic  and  antarctic  polar  pack.  Ice  of  all  ages, 
including  a  small  portion  of  first-year  ice,  is 
,  amalgamated  in  the  polar  pack,  which  is  a  vast 
mass  of  converging,  crushing,  and  dividing  floes- 
of  various  sizes,  shapes,  and  thicknesses  that 
drift  around  the  Arctic  Basin  and  Antarctica. 
Most  of  this  polar  drift  ice  has  attained  a  state 
of  equilibrium  in  which'  annual  freezing"  com- 
pensates for  an  equivalent  amount  of  summer 
melting.  Polar  fast  ice  is  confined  to  northern 
Greenland  northern  ELesmere  Island,  and  local 
bays  in  Antarctica. 

The.  average  distribution  and  variability  of  sea 
ice  is  such  that  a  minimum  is  generally  attained 
during  the  month  of  September  while  a  maximum 
is  generally  attained  during  the  month  of  March.  . 
In  both  cases,  reference  is  to  the  Northern 
Hemisphere,  with  the  conditions  in  the  Southern 
Hemisphere  being  nearly  opposite- minimum 
during  March  and  maximum  during  Septem- 
ber. 
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Figure  19.—  Accessibility  of  Antarctic  coasts. 


.  The  thickness  of  ice  is  related  to  the  heat 
deficit,  defined  as  the  daily  accumulation  of 
degrees  below  freezing  (degree  daysf  since  the 
onset  of  frost.  This  relationship  presents  the 
approximate  number  of  degree  days  required  for 
sea  ice  to  attain  certain  thicknesses  at  various 
sustained  'mean  temperatures.  Sea  ice  may  grow 
as  much  as  10  to  15  centimeters  in  the  first 
24  hours.  However,  because  the  ice  acts  as  its 
own  insulator,  the  rate  of  growth  decreases  as 
the  ice  thickens.  For  Jthe  same  reason,  snow 
also  retards  the  development  of  sea  ice. 

.  Flat  first-year  ice  rarely  exceeds  2.5  meters 
in  thickness;  however,  the  ice  may  grow  consider- 
ably thicker  as  a  result  of  splashing,  spraying, 
and  flooding.  The  thickness  of  smooth  multi-year 


ice  usually  reaches  a  state  of  equi.'ibrium  after 
several  years  in  the~polar_pack.  Multi-year_lge_ 
normally  fluctuates  between  thicknesses  of  3 
metei^sjn  late  summer  and  4.5  m^rs  in  spring. 
The  arctic  polar  pack  averages  a  thickness  of 
^3.5  meters;  the  antarctic  pack,  somewhat  less. 

'  The  drift  of  sea  iee  is  primarily  dependent 
on  the  wind.  Within  the  normal  range~of  wind 
speeds,  the  ice  generally  is  deflected  about  30* 
to  the  right  of  the  wind  between  60*  and  90* 
latitude  in  the  Northern  Hemisphere.  The  de- 
flection is  to  the  left  in  the  Southern  Hemisphere. 

Although  winds,  currents,  tide..,  and  swell 
may  break  up  ice,  the  warm  temperatures  of 
spring  and  sum  mer  are  the  most  destructive.  When 
the  factoid  combine,  breakup  is  rapli. 
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Figure  20.—  Various  types  of  Ice  topography  caused  by  pressure. 


HUMMOCKS 


River  Ice  usually  begins  to  disintegrate  soon 
after  the  mean  air  temperature  exceeds  0°C. 
Estuaries  become  Ice  free  when  inland  water, 
warmed  by  strong  continental  heating,  flows  Into 
the  colder  sea.  The  breakup  along  other  portions 
of  a  coastline  usually  is  initiated  by  warm  offshore 
winds.- 

In  the  early  stages  of  disintegration*  cracks 
begin  to  crisscross  the  ice  surface^  then,  as 
water  seeps  into, these  fissures  and  permeates 
the  Inner, ice  structure,  the  entire  mass  of  ice 
becomes  considerably  weakened.  As  the  fragments 
separate  and  decrease  In  size,  melting  Is  accel- 
erate^. Surface  melting  produces  deep  puddles 
that  may  be  as  wide  as  500  feet.  Owing  to 
local  differences  of  wind,  tide,  current,  and  coastal 
configuration,  Ice  may  persist  from  only  a  few 
days" fo*3  months  after  th£  Initial  breakup.  If  * 
the  summer  Is  short,  freezing  may  begin  before  . 
the  old  ice  has  disappeared, 

Wtfen  drift  Ice  is  slowed  in  Its  forward  motion  ' 
by  supfi  obstacles  as  a  shore,  a  narrow  strait, 
an'lofe  field,  or  convergent  winds,  the  Ice  con- 
centration will  first  Increase  to  10  tenths.  Then, 
as  the  pressure  Increases,  the  Ice  buckles  and 
forms  large  mounds,  hummocks,  and  rows  of 
undulations  or  ridges.  Slabs  of  ice  resembling 
huge  pieces  of  a  jigsaw  puzzle  may  slide  over  one 
another  In  a  process  known  as  rafting.  Hum- " 
mocking,  ridging,  and  rafting  are  manifestations 
of  pressure  Ice.  (See  figure  20.)  IntenSe  sounds 
tha't  resemble  moans,  screeches,  bangs,  and  thun- 
der emphasize  the  tremendous,  Impact  of  con- 
verging Ice.  These  noises  can  be  heard  over 
many  miles,  especially  on  calm  winter 
nights. 


Pressure  ice  may  attain  heights  In  excess  of 
10  meters,  although  subh  dimensions  usually  re- 
sult from  grounding  In  shallow  coastal  waters. 
For  example,  the  ice  may  rise  to  20  meters  in 
the  narrow  and  shallow  passages  of  the  Canadian 
Archipelago.  Intense  hummpeking  occurs  through- 
out the  arctic  pack.  (See  figure  21.)  In  the 
Antarctic,  where  the  Ice  Is  less  confined,  hum- 
mocks generally  are  smaller  than  in  the  Arctic. 


' Figure  21.— Fast  Ice. 

^  Whenever  the  process  that  leads  to  pressure 
Ice*  Is  reversed  .(divergent  wind,  offshore- cir- 
culation, and  a  widening  strait),  the  Ice  field 
loosens  and  exposes  numerous  openings  of  all 
shapes  and  sizes.  (See  figure  22.)  At  low  tem- 
peratures, when  the  opening  freezes  over,  the 
opening  is  sometimes  referred  to  as  a  skylight. 
Openings  may  be  large  (polynyas),  narrow  (lead3), 
or  incomplete  (cracks).  The  frequency  of  openings 
varies  widely  with  location  and  season*  Openings 
are  most  numerous  in  summer  and  near  ice 
boundaries  with  a  seaward  wind;  they  are  rare^in 
regions  of  Intense  hummocking.  \ 


31 


233 


Figure  22.— Fracture  and  polynyas  in  sea  ice. 


Any  strip  of  open  of  ice-free  coastal  water 
is  called  a  coastal  lead.  This  lea*i  may  be,caused 
by  offshore' winds,  iiiflow  of  warm  river  water, 
or  rapid  warming  of  shallow  basins  ii^'spring. 
Strong  offshore  winds  are  "more  effective  in 
creating  coastal  leads  than  prolonged  ifght  winds. 
During  the  cold  months,  coastalUeads  j^apidly 
ice  over  when  the  wind  abates,  Onshore  winds 
generally  seal  all  coastal  leads  with  large  amounts 
of  'drift  ice  that' sometimes  fuse  to  thje  remaining 
fast  ice  and  give  it  a  rough  outer  boundary. 

Land  Ice 

j 

Ice  of  land  .origin,  glacier  icef  is  composed 
initially  of  large  accumulations  of  compacted 
snow  that  have  reached  the  sea  as  coastal  glaciers 
and  ice  shelves.  Icebergs  of  Various  sizes  and 
shapes  break  off  (calve)  from  the  fronts  of  these 
glaciers  and  drift  away  with  the  sea  currents. 
Since  86  percent  of  the  world^s  glaciers  occur 
in  Antarctica,  most  icebergs  originate  around 
that  continent.  Numerous  coastal  glaciers,  some 
protruding  seaward  as  much  as  85  miles,  pour  ', 
large  amounts  of  ice  into  the  surrounding  ocean. 

Greenland,  where  most  of  the  remainder  of 
the  world's  glaciers  are  located,  constitutes  the 
main  sdunfe  of  icebergs  in  the  Northern  Hemis- 
phere (about  90  percent).  Although  many  icebergs 
are  calved  along  the  east  coast  of  Greenland,  the 
principal  source  region  is  along  the  west  coast, 
where  nearly  70  percent  of  Greenland's  icebergs 
originate  near  68*  north  latitude  in  the  vicinity  of 


Disko  Bugt,  The.  icebergs  generally  do  not  drift 
very  far  from  their  source;  consequently,  most  of 
them  are  confined  to  the  Baffin  Bay,  Davis  Strait, 
and  Labrador  Sea  areas.  As  many  as  95  percent  of 
all'of  Greenland's  icebergs  become  trapped  inbays 
and  shallow  water  before  reaching  46#N;  a  rela- 
tively        numb'er  reach  farther  south. 


Figure  23. 


Aerial  view  of  paok  ice* 
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Figure  24.— A  tabular  iceberg, 


!n  the  Arctic  Ocean,  iqetfergs  are  relatively 
rare  and  art  generally  confine!  to  the  immediate 
vicinity  of  f:  ■  glacier-bearing  islands.  On  rare  , 
occasions,  .cebergs  from  Severiuya  Zemlyahave 
appeared  ul^rg  the  eastern  shore  of  Paluostrov 
Tujmyr  Pen.nsula.  Because  of  the^  restricted 
extent  :>f  t,*5  -slar.d  glaciers,  bergs  calved  in  the 
Vrctic  ir-  *r  .*ll.  Svalbard  icebergs,  for  example, 
ne\vr  (rxife'I  a  height  of  20  meters.  Small 
icebergs  a  t  ilso  caived  in  the  passages  of  South 
\laska  but  melt  before  entering  the  Bering  Sea 
and  northe      Pacific  Ocean. 

N'tarl-  half  of  the  icebergs  in  the  Southern 
Hemisphere  are  tabular,  a  result  of  the  extensive 
areas  of  ^hc!f  ice  that  surround  \ntarctica.  (See 
figure  24  j  l  aversely,' most  Northern  Hemisphere 
icebergs  ai^  irregularly  shaped.  (See  figure  25.) 
However,  th<-  tabular  ice  islands  of  the  Arctic 
originate  :r  the  ice  she]f  of  northern  EHesmere 
Island  ana  northern  Greenland. 


Icebergs  originating  in  Greenland  average  70 
meters  in  height  and  280  to  450  meters  in  length 
when  first  sformed.  The  largest  ones  may  exceed 
120  meters  in  height  and*sevexa:l  miles  in  length. 
However,  as  they  drift  away  from  thfir  region 
of  origin,  they  decreas-e  in  size  under  the  effects 
of  melting  and  erosion.  The  height  frequency  of 
icebergs  observed  in  Baffin  Bay  and  Davis 
Strait  during  the  penod. between  1946  and  1955 
showed  that  30  percent  of  the  bergs  observed 
uere  between  15  and  30  meters  in  height  while 
only  1.4  percent  were  120  meters  or  more  in 
height.  (See  table  5.) 


HEIGHT  US  .\rUTLRS 

PERCENTAGE 

15  to  30 

29.6 

31  to  60 

50.7 

61  to  90 

15.5  „ 

■    91  to  120 

2.3 

120  or  greater       .  . 

1.4 

Figure 
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-  5CG  Achushnet  (WAGO  167)  on 
.national  Ice  Patrol,  1950. 


Table   5.—    The  height  frequency  of  icebergs 
observed  in  Baffin  Bay  and*  Davis  ^Strait  during 
the  years  1946  to  1955.-  . 

South  of  Newfoundland,  the  highest  berg  ever 
observed  was  60  meters  and  the  longest  was  520  . 
meters.  Ice  islands,  though  relatively  low  in 
height,-*  have  a  total  thickness  of  as  much  as  75 
meters  and  may  be  as  long  as  20  miles.  Ice- 
bergs originating  in  other  parts  of  the  Northern 
Hemisphere  are  rarely  as  high  as  20  meters. 

The  tabular  icebergs  of  the  Southern  Hemi- 
sphere, which  average  a  heightof  30  to40  meters, 
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somettaes  reach-  a  height  of  100  meters,"  but 
>neir  horizontal  dimensions- may  greatly  suroas^ 
those.of  the  Northern  Hemisphere8  lo7ex3e 
cue  iceberg  observed  near  Scott  Island-  in  1956 
measured  eo^y-^-  miies.  The  irregular  and 
dome-shaped  icebergs  af  Antarctica  may  exceed 
450  meters  in  height.  ' 

■  unan-^  ?>fible  °f  iCeberSs  is  pendent 

•  upon  the  shape  of  the  berg  and  the  density  dif- 
ference between,  sea  water  and  ice.  Sea  water 

-    with  a  temperature    of  -l'C  .and  35  o/oo  will 
produce  a  water  density  conditidn  that  will  allow 
nearly  90  percent  of  the  ice  mass  to  remain 
ier«?d'^  *pe  of  berg  will  determine  the 
height  of  the  ice  mass  that  is  visible.  In  the 

.  case  of  the  tabular  berg,  the  depth  below  the  sur- 
face is  about  seven  times  the  height  above  the 
woer  iine.  in  the  case  of  the  pinnacle  or  ir- 
regularly shaped  berg,  the  depth  averages  about-  - 

line  POrt?0n  that  iS  "ab0ve  the  Jvater 

Ice  islands  are  a  rare  form  of  floating  ice  • 

nCl^glSly  br°ke  away  from  the  ^elfice- 
of  northern  Ellesmere  Island  and  Greenland,  These 
massive  slabs  of  ice,^  which  may  be  as  thick 
•as  75  meters  and  as 'extensive  as  300  square 
miles,  may  drift  for  many  years  in  the  arctic 
pavk.  often  completing  several  loops  around  the 
Arctic  Basin  before  finally  breaking  up  orescap-  ' 
ing  through  the  many  passages,  of  the  Western 
Hemisphere. 

Because  of  their  deep  draft,  ice  islands  re-  . 
spond  primarily  to  subsurface  currents.  As  a 
result,  they  usually  move  more  slowly  than  the 
surrounding  sea  ice,  at  an  average  speed  of 
slightly  more  than  1  nautical  mile  per  day 


Wndenyater  Sound  Velocity 


'  The  direction  that  a  sound  wave  will  travel 
in  the  -ocean  is  largely  dependent  upon  the  speed 
of  the  individual  sound  wave  or  ray-  within  the 
beam.  The  speed  of  sojind  in  sea  water  depends 
on  the  temperature  and  composition  of  the  water 
In  general  these  quantities  vary  both  horizontally 
and  vertically,  but  only  temperature  is  of  any 
great  significance.  Changes  in  velocity  with 
depth  (even  slight  ones  due  to  warming  of  the 
surface  water  on  a  bright,  calm  day)  deflect  the  ' 
sound  beam  from  the  desired  straight  path 
and  may  cause  it  to  overshoot  or  undershoot  an 
object. 


The  velocity  of  sound  is  directly  proportional 
■  to  the  temperature  of  the  medium  'See  figure 26  ) 
The  velocity  of  sound  in  air  is  531,5  meters  pe*r 
second  at  OX  and  increasesp.6  meters  per  second 
for  each  degree  Celsius  increase . -i  temperature 
In  sea  water  of  35  o/co  at  (TC.  .he  velocity  of 
sound  is  1/149.1  meters  per  seconu  or  4.4  times 
the  speed  of  sound  in  air.  The  increase  in  vel- 
ocity per  temperature  change  is  greater  a£  lower 
temperature.  The  velocity  will  increase  by  41  i 
m/sec  if  the  temperature  of.  the  sea  water  ,s 
increased  to  10X  and  72.8  m/sec  a  the  temper- 
ature of  the  sea  water  is  inc— lSed  to  20°C. 

,  The  pressure  and  salinity  aft«et  the  velocity 
of  sound,  but  to  a  lesser  degree  -  r  the  temper- 
ature effect.  Asthedepthorpressur-increasesso 
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Figure  26.~Effect  of  temperature,  salinity,  and 
pressure  on.  the  speed  of  sound  in  sea  water. 
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does  the  sotted  velocity.  An  increase  in  salinity 
will  also  increase  the  sound  velocity. 

...  In-echo  racing -work, -  in*  which-xyniytttrgfipeF^ 

few  hundred  feet  of  water  are  involved,  temperature 
Is  generally  the  most  important  factor  causing 

-         TIJtfttAfUH    .  . 
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variations  in  sound  velocity.  Salinity  is  relatively 
.uniform  In  the  open  ocean  and  therefore  is  of  min- 
or importance  in  determining  sound  velocity. 
Furthermdre,  in  layers  where  vertical  salinity 
,  gradients  "e^st,  there  is  neatly  always  Vvertical 
temperature  gradient,  (See  figure  27.) 
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Figure  27.-  Representative  sound  patterns  based  on  temperature  gradient. 
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In  ^i^^fransmlssion  the  vertical  velocity 
gradient  is  more  important  than  the  velocity  itself, 
since  it  Is  the  change  in  velocity  with  depth  that 
determines  how  much  refraction  will  take  place. 
.{See  figure  27.)  The  velocity  gradient  is  readily 
determined  from  the  gradients  of.  salinity  and 
temperature.  The  salinity  gradient  is. defined  as 
the  rate  of  change  of  salinity  with  depth,  in 
parts  per  thousand  per  meter.  The  temperature 
gradient  is  the  rate  of  change*  of  temperature  with 
depth,  in  degrees  Celsius  per  meter*  These  grad- 
ients are  therefore  called  positive  if  the  quantity, 
in  question,  increases  with  depth;  negative  if  it* 
decreases.  In  thg  majority  of  casv^,*temperature 
gradients  in  the  sea  are  zero'  or  negative;  $Iore-. 
over,  except  in  certain  localized  areas*  tempera-, 
ture  gradients  control  the^ound  velocity  gradients. 

With  a  zero  gradient  in  temperature  (mixed 
layer),  echo  ranges  are  long  because  the  sound 
rays  are  very  nearly  straight  having  only  a  slight 
upward  curvature  due  to  the  pressure  effect. 
CtaTihe  pther  hand,  with  a  strong  negative  gradient 
near  the  surface,  echo  ranges  (will  be  short  be- 
cause the  sound  beam  is  refracted  sharply  down- 
ward. In  the  ocean  it  is  common  to  find  a  mixed 
layer  overlying  a  negative  temperature  gradient* 
In  such  cases  the  echo  range  on  an  /Object  in 
the  mixed  layer  will  be  long,  but  the  part  of 
the  sound  beam  that  enters  the  negative  gradient  , 
will  be  "refracted  downward,  resulting  in  reduc- 
tion of  range. 

.  There  are  two  phenomena  which  may  cause 
reduction  ,of  range  by  refraction.  With  a  strong 
negative  temperature  gradient  from  the  surface 
downward,  each  ray  of  the  sound  beam  curves 
down  in  a  great  arc,  and  beyond  the  horizontal 
limits  of  the,  J)eam  is  a  so-called  shadow  zone 
into  which  no  sound  penetrates  other  than  by 
scattering.  An  echo  ranging  vessel  will  not  be 
able  to  detect  an*  object  in  the  shadow  zone, 
but  as  soon  as  the  latter  comes  within  the  direct 
beam,  the  echoes  will  come  in  loud  and  clear. 

With  slighter  negative  temperature  gradients 
and  generally  with  any  gradient  underlying  amixed 
layer,  the  shadow  zone  is  not  very  clearly  defined. 

An  object  in  the  negative  gradient  beneath  a 
mixed  layer  may  be  within  the  direct  beam  but 
still  be  undetectable  because  the  echoes  are  too 
weak  to  be  heard  against  the  background  of  rever- 
beration and  ship's  noise.  This  is  known  as 
the  "layer  effect.1' 


Among  the  many  factors  affecting  the  trans- 
mission of  sound  under  water,  the  following  are 
considered  to  be  particularly  important:  (1) 
reflection  (2)  refraction  (3)  reverberation,  and  (4) 
attenuation.  # 

Reflection  —  Sound  energy  striking  some  solid 
surface  may  he  reflected  as'  a  mirror  reflects 
'  light  with  little  loss  of  intensity,  may  be  scattered 
in  many  directions,  or.  may  be  lost  by  absorption 
into  the  medium. 

The  surface  of  the  sea  is  rarely  smooth;  there- 
fore, sound  energy  striking  it  is  seldom  relfected 
specularly  „  (mirror  reflection).  Instead,  only 
.  minute  elements  of  the  sea  surface  reflect 
sound  as  a  mirror;  however,  because  the  orien- 
tation of  each  of  these  "mirrors"  is  changing 
continuously,  the  sound  energy  is  reflected  in  many 
directions.  Aside  from  the  need  for  an  accurate 
description  of  the  sea  surface,  prediction  of  the 
reflective  characteristics  of  the  sea  surface 
necessarily  includes  frequency  of  sound  source 
and  angle  of  incidence.  (See  figure  28.) 

Because  of  the  acoustic  property  differences 
between  air  and  water,  almost  all  sound  energy 
is  reflected  at  the  air-sea  interface.  The  fact 
that  99  percent  of  the  sound  energy  in  echo  ranging 
is  confined  to  the  sea  is  important,  because 
longer  ranges  than  are  predicted  by  ray  diagrams 
are  obtained  and  some  portion  of  the  sound 
energy  is  reflected  back  to  the  source  as  re- 
verberation. 

The  ocean  bottom  also  may  reflect  sound;, 
however,  the  amount  of  sound  energy  reflected 
from  the  bottom  depends  upon  the  type  of  bottom 
material.  A  smooth  sand  bottom  reflects  sound 
v^ry  effectively.  In  contrast,  a  soft  mud  bottom 
is  an  especially  poor  reflector.  " 

A  smooth  rock  bottom  is  perhaps  the  best 
reflector  because  the  amount  of  energy  absorbed 
is  small.  Unfortunately,  in  many  areas  rock 
bottoms  are  irregular  and  consequently  reflect 
sound  in  many  directions.  Much  of  this  energy 
is  scattered  back  tq^the  sound  source,  causing 
intense  reverberation  which  effectively  masks 
any  possible  return  signal.  Nevertheless,  if  bot- 
tom properties  are  conductive  to  reflection  and  if 
refraction  is  favorable^  long  ranges  are  possible? 

Obviously  bottom  reflection  i?  most  effective 
over  reasonably  flat  bottoms.  When  echo  ranging 
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Figure  28.-Sound  ray  reflective  characteristics,  (A)  Sound  ray  passing  from  a  layer  of  one  velocity 
to  a  second  layer  of  a  higher  velocity;  (B)  diagrammatic  depiction  of  sound  ray  transmission  depicting 

an  angle  of  incidence  and  a  grazing  angle, . 


A-.— Diagrammatic  drawing  of  outgoing  ping  show- 
ing shape       beam  pattern  and  divergence  of      B.-   Diagrammatic  draw/ng  of  outgoing  ping 


sound  rays 

Figure  29.—  Some  characteristics  of  sound  during  travel. 


showing  erfect^f  refraction. 


occurs  ov-f !-  mmockyorsteeplyslopingbottoms, 
ranges  art  adversely  affected.  For  example,  a- 
submarine  might  hover  behind  a  rise  on  the  bot- 
tom where  little  If  any  sound  energy  could  reach  it. 


Refracu/m  —  Variations  in  the  temperature 
and  salin;,;  :f  sea  water,  can  profoundly  affect 
sound  tram  .i^asion  because  they  produce  variation 


in  the  speed  of  sound  as  it  travels  from  one  point 
to  another.  This,  in  turn,  causes  refraction  of 
sound  waves.  This  phenomenon  led  to  the  devel- 
opment of  the  bathythermograph  (BT)  and  accom- 
panying prediction  methods  as  instruments  of 
naval  warfare, '(See  figure  29,) 

Sound  waves  travel  in  straight  lines  only  in  a 
mpdnun  in  which  the  speed  is  everywhere  constant. 
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(See  figure  27.)  In  sea  water  the  speed  of  sound 
generally  varies  with  depth.  Suppose,  for  example, 
the.  speed  increases  with  depth.  In  that  case 
every  rajr  of  the  sound  beam  will  be  curved 
toward  the  surface.  The  more  rapid  the  change 
of  speed  with  depth,  the  more  strongly  the  rays 
will  be  curved.  This*  bending  of  the  sound  rays  is 
refraction. 

Reverberation  —  When  a  sound  pulse  is  emit- 
ted in  the  ocean,  the  echo  from  an  object  may  be 
masked  by  interfering  or  unwanted  sounds.  This 
background  of  interference  is  caused  by  rever- 
beration and  background  noise.  Reverberation  is 
distinguished  from  background  noise  in  that 
reverberation  results  directly  from  the  emitted 
sound  pulse. 

If  the  surface  and  bottom  of  the  ocean  were 
*  absolutely  smooth  and  no  suspended  matter 
(including  fish)  were  in  the  water,  there  would  be 
no  reverberation.  However,  irregularities  in  the 
ocean  surface,  bottom,  and  water  are  capable 
of  scattering  the  sound  pulse  and  echoes.  That 
portion  of  the  scattered  sound  which  returns  to  the 
transducer  is  called  reverberation.  The  intensity 
with  which  reverberation  occurs  is  directly 
pdSfwrtional  to  the  source  intensity  and  ping 
letigth.  Thus,  increased  sound  output  results  in 
IrVreased  reverberation;  a  long  pinglength causes 
more  reverberation  than  a  short  one. 

Attenuation  —  Sound  energy  propagated 
through*  a  volume % of  sea  water  undergoes. some 
loss  of  energy  because  of  attenuation,  that  is, 
absorption  and  scattering.  In  the  passage  of  sound 
through  water,  some  of  the  energy  is  converted 
into  heat;  this  is  call  absorption.  Scattering  loss 
results  from  reflectors  in  the  water  that  may 
vajy  in  size  from  minute  air  bubbles  to  a  wfcile. 

'  Absorption  results  due  to  .the  fact  that  as 
a  sound  wave  passes  through  the  sea  it,  is  ac- 
companied by  successive  compressions  and  ex- 
pansions of  the  medium,  which  produce  some 


frictional  heat  loss  from  the  soum'  .  ,tve  as  well 
as  heat  loss  produced  by  the  ~.?,>ciation  of 
dissolved  salts  in  sea  water. 


Although  scattering  is  a  continent  jn  the 
attenuation  of  sound,  its  contribution  is  not  as 
important  as  that  of  absorption.  When  sound  rays 
in  deep  ocean  areas  strike  reflectors  such  as 
bubbles,  fish,  and  suspended  matter,  the  rays  are 
deflected  and  small  amounts  of  soiz"  energy  are 
scattered  in  malty  directions.  Thn  part  of  the 
scattered  ray  returned  to  the  reo  vtr  is  known 
as  reverberation;  the  part  not  returned  is  lost 
energy.  *  . 

Sea  ice  effectively  .scatters  -vmd  beams, 
especially  when  the  underwater  profile  of  the  ice 
is  uneven,  as  in  hummocky  ice  ftcULs  and  with 
ice  containing  numerous  air  bubbles.  In  ice 
fields  the  low  frequencies  (subsonic)  appear  to  be 
transmitted  most  effectively,  owing  to  the  higher 
rate  of  absorption  of  the  higher  frequencies,  par- 
ticular ultrasonic  frequencies. 


.  Ambient  seji  noise  is  the  general  continuous 
spectrum  of  noise  which  is  found  naturally  in 
the  sea.  (See  figure  30.)  Since  ambient  sea  noise 
comes  from  all  directions,  the  noise  effect 
relative  to  an  Object'  may  tfe  decreased  by  im- 
proving the  ability  to  direct  the  ^ound  beam 
and  listening  device. 


A  sound  channel  is  producedunderconditions 
of  temperature,  salinity,  and  depth  in  such  a 
manner  that  a  minimum  velocity  for  sound  is 
trapped  between  areas.above  and  below  with  higher 
sound  velocities.  These  differences  in  velocity 
cause.,  a  sound  wave  to  be  refracted  from  above 
and  below  in  such  a  manner  that  the  sound 
waves  will  travel  for  great  distances  at  "velocity 
^ynimums  for  that  layer  of  water.  (See figure  31.) 
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Figure  30.-  A  summary  of  ambient  noise  sources. 
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.MARINE  .BIOLOGY 


>Sea  water  has  all  of  the  chemical  elements 
needad  to- sustain  plant  and  animal  life.  Because 
of  th\s  and  the  fact  thaf  the  oceans  contain  about 
300  times  as  much  space  for  the  existence  of  life 
as  is  available  on 'land -and  in 'fresh  water, 
'organic  material  is  present  in  vast  quantities. 

The  infriite  forms  of  marine  organisms  are 
classified  and  grouped  in  a  number  of  ways.  < 
The  universally  recognized  system  is  a  class- 
ification according  to  structural,  functional,  and 
reproductive  relationships  and  degree]  of  indiv- 
iduality. The  following  is  an'example  of  the  prin- 
cipal subdivisions  by  which  a  common  marine 
animal,  the  edible  ^mussel,  is  classified: 


Kingdom  —  Animal 

Phylum  —  Mollusca  (snails,  bivalves,  chit- 
ons, squids,  and  octopuses) 

Class  —  Pelecypoda  (clams,  oysters, 
mussels,  and  their  relatives) 

Order  —  Pnnodesmacca  (the  more 
*  primitive  Pelecy^da) 

Family  —  Mytihdae  (the  mussels) 

„    Genus-  Mytilus  (a  mussel) 

.Species  —  edulis  (edible) 


Figure  32.—  Classification  of  Marine  Environments. 
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Other  systems  group  organisms-by  other  sets 
of  characteristics.  One,  commonly  used,  divides 
all  marine  life  into  three  categories  based  upon 
habits  of  locomotion,  mode  of  life,  and  environ- 
mental distribution,  as  follows:  (1)  Nekton  —  the 
swimming  animals  living  in  the  pelagic  (oceanic) 
environment,  (2)  Benthos  -  the  attached,  creeping, 
and  burrowing  organisms  living  at  the  bottom  of 
the  sea,  and  (3)  Plankton  -  all  of  the  floating  or 
drifting  life  in  the  pelagic  environment.  Plankton 
may  be  divided  into:  -(a)  the  phytoplankton,  con- 
sisting* of  microscopic  floating  plants,  and  (b) 
zooplankton,  consisting  of  feebly-swimming  or 
floating  animals.  Most  plankton  vary  in  size  from 
microscopio  units  to  those  a  small  fraction  of 
an  inch  in  length. 

Most  organic  material  in  the  sea  is  in  the 
form  of  plankton  that  does  not  have  sufficient 
strength  to  choose  its  environment  and  is  at  the 
mercy  of  the  prevailing , ocean  currents.  Either 
directly  or  indirectly,  heariy  all  marine  life 
depends  upon  theseorganisms.  By  means  of  pho£o-. 
synthesis,  a  process  using  sunlight,  phytoplankton 
change  chemical  nutrients  (silicates,  nitrates, 
and  phosphates)  in  the  sea  into  primary  food 
wtif&h  is  used  by  the  zooplankton  and,  to  some 
extent,  by  iarger  animals.  However,  most  of  the 
larger  animals  feed  upon  the  zooplankton.  The 
chemical  nutrients  are  replaced  by  Jthe  excretion 
of  animals  and  bacterial  action  in  the  decompos- 
ition of  dead  plants  "and  animals.  Thus,  a  food 
cycle  is  continually  going  on  from .  chemical 
nutrient  to  phytoplankton  to  zooplankton  to  nekton 
and  benthos  to  chemical  nutrients.  (See  figure  33.) 


seau«  cmcuif 

Figure   33.—  An  example  of  the  Oceanic  life 
cycle. 


The  growth  of  ph/ttiptatiktorr  requires  both 
sunlight  and  a  supply  of  chemical  Vutrients.  Sun- 
light insufficient  strength  to  permit  photosynthesis 
penetrates  to  a  maximum  depth  of  ahcut  100  meters 
or  less.  This  upper  layer  in  which  the  process 
occurs  is  called  the  euphotic  zcr*-.,  Within  this 
zone,  photosynthesis  is  limited  primarily  by  the 
supply  of  chemical  nutrients.  L'nCer  favorable 
conditions,  phj-toplanktonmayincrtaieby as  much 
as  300  percent  in  a  single  day. 

The  abundance  of  marine  life  is  directly 
related  to  the  supply  of  phytoplank+on.  In  shallow  * 
water,  the  chemical  nutrients  on  the  bottom  are 
stirred  up  by  motion\of  the  water,  and  carried 
into  the  euphotic  zone.  This  is  why  ah  area  such 
as  the  Grand  Banks  is  a  good  fishing  ground.  In 
polar  regions  the  chemical nutrients  are  relatively- 
abundant,  being  brought  to  the  surface  by  con- 
vective  currents  as  the  cold  surface  water  sinks 
and  is  replaced  by  the  warmer  water  from  the 
bottom.  In  the  tropics,  on  ths  other  liand,  the 
sea  is  relatively  stable,  and  the  chemical  nutrients 
have  a  tendency  to  sink  below  the  euphotic  zone. 
Even  though  the  clear,  blue  water  has  the  deepest 
euphotic  zone,  photosynthesis  proceeds  at  a  slow 
rate.  For  this  reason,  blue  is  sometimes  called 
the  "desert  color  of  the  sea?1 

Ocean  currents  and  marine  li^e  are  so  inter- 
related that  currents  can  sometimes  be  traced 
by  their  supply  of  plankton.  In  general,  the  oceanic 
circulation  helps  sustain  marine  life  by  stirring 
up  the  chemical  nutrients  and  carrying  them,  or 
the  plankton  formed  from  them,  into  regions  which 
have  an  inadequate  supply*  However,  the  reverse 
effect  ^an  occur.  A  notable  example  occurs  .from 
time  to  time  off  the  west  coast  of  South  America. 
*At  varying  intervals  averaging  about  12  years,  a 
well-dev£lope'd  stream/of  tropical  water  having 
a  relatively  small  supply  of  chem:cai  nutrients 
and  plankton  flows  southward,  close  to  the  shore. 
This"  water  replace^  the  colder  water  .which  is 
rich  in  chemicak  hutrients  and  plankton.  The 
result  is  a  wholesale  *  destruction  of  fish  which 
cannot  obtain  &  sufficient  supply  of  food.  In  some 
areas  the  dead  fish'are  washed  ashore  in  such 
quantities  as  to  constitutea  serious  problem.  With 
the  destruction  of  so  many  fish,  the  supply  of 
guano  (manure  of  sea  birds)  also  decreases  because 
of  the  death  of  large  numbers  of  the  birds  which 
depend  upon  the  fish  for  their  food  supply.  Since 
this  phenomenon  commonly  occurs  near  Christ^ 
mas,  it  is  called  "El  Nino."  A -.strong  current 
such  as  the  Gulf  Stream  annually  carries  many 
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fish  to  their  deaths  by  transporting  them  from 
their  normally  tfarm  habitat  to  areas  where  they 
encounter  water  which  is  too  cold  for  them  to 
endure; 


FOULING  AND  DETERIORATION 

\mong  the*  many  important  problems  associ- 
ated with  taurine  biology,  none  has  greater  econo- 
mic significance  than  the  control  of  marine  fouling 
and  deterioration.  As  a  Marine  Science  Technician, 
you  are  probably  well  acquainted  with  the  costly 
effects  of  marine  growth  on  ships'  hulls  and  salt 
water  intakes.  (See  figure  34.)  An  equally  im- 
portant problem  is  the  damage  of  shore  installa- 
tions' resulting  from  the  penetration  of  wood, 
plastics,  concrete,  and  other  structurally  im- 
portant materials  by  several  marine  organisms. 
It  has  been  conservatively  estimated  that  the  annual 
cost  to  the  Navy  alone  for  the  protection  and  main- 
tenance of  ships,  waterfront  structures,  and  off- 
shore equipment  against  biological  deterioration 
and  fouling  is  approximately  8100,000^)00.  Far 
more  importantly,  however,  uncontrolled  fouling 
and  deterioration  by  marine  organisms  can  effect- 
ively reduce  the  combat  readiness  of  naval  sfiips 
and  shore  facilities. 


Figure  34.—  A  section  of  6-inch  p'ipe  removed 
from  a  ship,  indicating  fhe  results  of  marine- 
^         fouling  growth. 

The  fouling  of  ships'  hulls  is,  of  course,  an 
.age-old  problem.  Man's  historic  efforts  to  dis- 
courage "marine  growth  has  resulted  in  the  devel- 
opment, of  chemical  agents,  which  today  .can  pro- 
tect hull  surfaces  for  as  long  as  24  months.  The 
problem  is  far"  from  solved,  however,  because 
the  development  and  use  of  submerged  equipments 
vital  to  oceanic  operations  "and  technological  pro- 
gress constantly  introduce  new  requirements  for 
enduring  antifouling  agents. 


The  biological  fouling  of  a  sonar  transducer 
,can  seriously  impair  the  transducer's  effective- 
ness by  attenuating  sound  transmission.  In  certain-- 
areas  of  the  world,  critical  fouling  of  unprotected 
surfaces  can  occur  within  a  few  months,  rendering 
sonars  unfit  for  research  or  AgW  operations. 
Some  success  in  developing  reliable  protective 
coatings  foyionar  domes  has  been  realized, 
but  the  probtem  is  complicated  by  the  requirement 
that  the  agent  used  must  not  alter  the  equipment's^ 
acoustic  properties. 

The  growing  use  of  underwater  optical  instru- 
ments presents  further  complications.  Complete 
fouling  of  an  underwater  "television  lens  can  be 
accomplished  in  an  incredibly  short  period  of  time. 
Obviously,  the  lens  cannot  be  painted  with  anti- 
fouling paint,  as  in  the  case  Jof^a  ship's  hull,  ' 
The  development  of  durable  but  transparent  pro- 
tective coatings  is*  a  necessary  preliminary  to  the 
planned  installation  of  submerged  optical  equip- 
ment such  as  television  monitoring  stations. 

Moreover,  the  proposed  construction  of  large, 
stationary  structures  in  relatively  deep  ocean  wa- 
ters for  various  military  and  commercial  projecta 
creates  additional  fouling  problems.  Already,  the 
underwater  structures  used  in  the  recovery  of 

_  offshore  petroleum  are  approaching  deeper  wa- 
ters. Because  of  the  size,  and  permanency  of 
proposed  structures,  frequent  maintenance  will 

■  be   impractical,  if  not  impossible.  Therefore, 
antifouling  agents  of  enduring  effectiveness  must" 
be  developed.  However,  little  field  data  is  available " 
at  the  present  time  to  warrant  the  assumption 
that  deep-ocean  fouling  .will  not  differ  from  that 
occurring  in  shallow  coastal  waters..  For  this 
reas<5n,  far  more  data  must  be  obtained  about  the* 
ecology  of  fouling  organisms  in  the  deep  sea 
before  reliable  fouling  deterrents  can  be  de- 
veloped, , 

Deterioration  of  submerged  installations  by 
marine  organisms  is  another  serious 'threat  to 
present  and  proposed  marine  operations.  Ex- 
tensive destruction  is  caused  by  species  of 
Limmoria,  or  gribbles.  (See  figure  35,)  These 
animals  are  related -to  the  shrimp  and  lobster 
and  are  worldwide  in  distribution.  They  are  nor- 
mally found  attacking  the  surface  of  submerged 
piling  and  other  wooden  structures  in  shallow 
water,  but  materials  "other  than  wood,  such  as  the 
gutta-percha  insulation  of  submarine  cables  in 
depths  up  to  110  meters,  have  been  penetrated  by 
gribbles.   Other  crustaceans  burrow  into,  and 
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consequently  weaken,  stone  seawalls,    (See  fig- 


Figure  36.— Rock-boring  bivalves,"  worms  and 
sponges  attack  hard  limestone 


Certain  'mollysks,  such  as  the  well-known 
teredo;  or  *  Whipworm, "  which  are  relati  ves 
of  the  clam  and  oyster,  attack  submerged  wooden 
structures  in  harbors, 'or  bi^rrow  into  rocks  and 
coral.  Mollusks  are  also  responsibly  for  destruc- 
tive attacfts*  on  gutta-percha  insulation  of  cables 
at  depths  ranging  from  a  few  feet  to  2,200  mtfteTS, 
causing  physical  damage  and  short  circuits. 
Others  have  been  found  to  penetrate  solid  lead 
sheathing  of  submarine  power  cables.  Even 
concrete  is  not  immune  to  destructive  attacks 
by  these  creatures. 

Marine  bacteria  play  a  surprisingly  important' 
role  in  the  deterioration  and 'fouling  of  materials 
and  equipment  in  sea waterahd  marine  sediments. 
These  micro-organisms  accomplish  their  -de- 
struction in  a  number  of  ways.  By  forming  over 
antifouling  agents,  ,to  which  they  are  apparently 
immune,  they  provide  a  foothold  for  barnacles 
and  other  fouling  animals.  Cellulose-decomposing 
bacteria  cause  millions  of  dollars  worthof  damage 
to  net' cordage,  seines,  and  lines  used  by  cpm- 
mercial  fisherman,  Also  present  in  the  sea  are 
cellulose-consuming  fungi  which  infest  natural 
fibers  and  woods.  Rubber  products  such  as  hoses 
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or  gaskets,  generally  regarded  as  berrrg^ impregp- 
nable,  have  been  found  to  be  decomposed  by  the 
action  ,of  marine  bacteria/sulfate-reducing  bac- 
teria have  been  associated  with  the  accelerated 
corrosion  of  submerged  metals.  Hero  again,  the 
problem  of  protecting  deeply  submerged  materials 
from  the  ravages  of  these  organisms  is  compli- 
cated by  the  fact  that  some  bacteria  actually  thmv 
in  deeper  water,  reproducing  only,  when  subject 
to  great  pressures. 

Even  the  color  of  materials  used  in  under- 
water installations  b^s  an  influence  on  the  attacks 
by  marine  fish.  Attracted  by  the  white  color  of 
polyethylene  insulation  of  marine  cables,  certain 
fish  cause -extensive  damage  "by  nibbling  on  the 
insulation.  Biologists  have  suggested  a  less 
'attractive  insulation  color  in  order  to  reduce 
such  attacks, 

To  meet  ,the  requirements  for  solving  the 
problems  of  deterioration  and  fouling,  biologists 
must  better  understand  the  vital  processes  which 
govern  the  life  cycles  and  befiavior  of*  the 
offending  organisms.  Adequate  knowledge  of  such 
processes  should  lead  to  the  discovery  of  an 
inherent  weakness  in  each  organism  which  is 
susceptible  to  external  control, 

BIOLUMIXESCEKCE 

A  biological  phenomenon  well  knotai  to  mari- 
ners is  the  relatively  common  yet  curious  sight  oi 
luminescence  in  the  sea.  Although  luminescence, 
was  first  believed  to  be  caused  by  the  presence, 
of  phosphorus  within  the  water,  for  almost  two 
centuries  it  has  been  known  to  be  biologically  in- 
duced. In  its  most  familiar  form,  luminescence 
is  observed  as  a  bluish-green  fluorescent  glow 
in  waters  disturbed  by  bow  waves  and  wakes  and 
by  cresting  waves.  Luminescent  displays  oc- 
casionally attain  more  spectacular  proportions, 
however,  forming  parallel  bars,  or  * 'wheel 
•  spokes,1'  of  pulsating  light  extending  from  horizon 
to  horizon^  Sometimes  the  wheel  spokes  appear 
to  rotate  like  a  giant  pinwheel,  ^ 

A  simplified  version  of  the  occurrence  is. 
that  tiny  plants  and'  animals,  some  even  micro- 
scopic, exist  in  the  near-surface  regions  of  the 
sea  in  countless  numbers  and  react  to  various 
stimuli  by  emitting  light,  The  light  emitting 
properties  of  many  of  these  organisms  permit 
them  to  alternate,  or  -flash,  their  light  In  a 
manner  similar  to  the  common  firefly.  Inmost 
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,gure  37.-Typical  Examples  of  some  of  the  more  common  fouling  organisms. 
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cases,  the  rhythm  of  flashing  depends  upon  the 
k;nd  of  stimulation  introduced.  Some  of  the  lowly 
duioflagellata,  a  group  of  single-celledorganisms^ 
strangely  cast  on  the  borderline  between  plants  * 
and  animals,  are  known  to  possess  a  luminescent 
characteristic.  Since  they  abound  in  the  upper 
por^fcns  of  the  oceans,  dinoflagellata  are  among 
the  better  "known  organisms  responsible  for  the 
luminescence  observed  by  seafarers. 

Because  they  often  exist  in  huge  concentra- 
tions, luminescent  organisms  are  capable  of 
producing  an  amaztag .amount  of  light.  In  certain 
geographic  regions,  agitation  of  the  sea  by  the 
passage  of  a  vessel  at  night  produces  enough 
iirunination  on  deck  to  enable  one  to  read.  When 
the*  stimulation  is  passed  through  the  organisms 
in  waves,  their  rhythmic  reaction  may  give  the 
impression  of  a  symmetrical  swirling  movement 
of  light,  thus  creating  the  pinwheel  illusion.  The 
parallel  bar  effefct  occasionally  observed  is  ac- 
counted for  by  the  movement  of  *the  sea, . which 
even,  under  calm  conditions,  circulates  Vertically 
in  such  a  way  as  to  concentrate  the" organisms 
in  horizontal  sjtreaks. 

r 

'  While  surface  displays  are  the  most  fre- 
quently observed,  bioluminescence  is  not  confined 
to  the  upper  regions  of  the  sea.  Light-producing 
organisms  have  been  found  to  exist  at  every 
depth.  In  the  blackness  of  the  abyssal  depths, 
where  sunlight  never  penetrates,  the  light  pro- 
duced by  pertain  animals  provides  almost  constant 
illumination,  to  th$  mutual  benefit  of  themselves 
ami,  others  not  so  equipped.  The  fact  that  the 
latter  creatures  have  well-developed  eyes  and  are 
obviously  dependent  upon  alien  sources  of  light, 
is  evidence  of  Jthe  close  interrelation  of  these 
deep  dwelling  species.  To  fully  understand  the 
significance  of  luminescence  in  the  ecology  of  - 
marine  life  is'  a  constantly  expanding  project 
for  oceanographers„ 

To  the  casual  observer,  luminosity  of  sea 
water  is  but  a  harmless  manifestation  of  natural 
wonder.  In. the  conduct  of  naval  operations,  how-  „ 
ever,  the  phenomenon  is  viewed  with  a  jaundiced 
eye.  Observed  from  the  air,  or  from  t|ie  bridge 
of  a  large  vessel,  the  luminous  wake  of  a  ship 
travelling  at  even  moderate  speedsoan  be  detected 
for  some  distance,  clearly  revealing  the  position 
and,'  roughly,  the  direction  and  speed  of  the 
ship.  During  World  War  IL  amphibious  landings 
and  oth^r  naval  movements  were,  on  several 
occasions,  compromised  by  the  presence  of 
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bioluminescence.  Consequently,  another  goal  of  the 
Qceanographer  *s  to  eventual!)  esU  lish  a  pattern 
of  reoccurrence  in  order  to  forecast  the  periods 
of  luminescence"'  in  areas  of  projected  naval 
operation. 


Figure  38.— Representative  bioluminescent  or- 
ganisms. 

THE  DEEP 

SCATTERING  LAYERS 

Another  biological  phenomenon  which  has  * 
gained  increasing  importance  to  both  mariners 
and  oceanographers  during  the  last  two  decades 
is  the  sea's  '"deep  scattering  layers  (D.S.L.s)." 
Briefly,  these  are  the  horizontal  sound  reflecting 
bands  thaLexist  at  various  depths  over  broad 
reaches  of  the  world's  ocean.  Mariners  today  are 
probably  quite  familiar  with  the  physical  aspects 
of  the  D.S.L.s,  which  often  produce  "false  bot- 
toms" on  the  recording  traces  of  echo- sounding 
devices.  (See  figure  39.)  Indeed,  it  has  been 
widely  conjectured  that  misinterpreted  "echo- 
grams" may  have  led  to  the  charting  of  non- 
existent shoals.   Today,   determination  of  the 
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A  '  ?xact  composition,  behavior,  and  distribution  oi 

.  the  layers  is  a-continuing  oceaaographic  project, 
*or  much  more  information  is  needed  regarding 
their  possible  influence  on  sonar  systems. 


•   Figure  39.— Representation  of  the  deep  scattering 
layers  (D.S.L.s), 

Discovered  by  accident  during  World  War  II, 
the  "layers"  Have  a  relatively  brief  but  inter-' 
estinfc  history.  A  group  of  physicists  experiment- 
ing with  sonic  submarine  detection  gear  consist- 
ently, and  annoyingly,  recorded  echoes  from  a 
uniform  layer  some  distance  above  the  sea's 
floor.  During  daylight  hours  an  exceptionally 
well-defined  layer  was  frequently  observed  at 
300  to  350  meters.  At  night  it  disappeared  The 
feature  could  only  be  attributed  to  a  suspended 
stratum  of  some  sound  reflecting,  or  scattering, 
agent  and  thus  derived  the  name  "deep  scattering 
layer."  The  name  was  pluralized  after  subsequent 
experiments  revealed  the  existence  of  multiple 
layers. 

80011  after  thisj  initial  discovery,  a  causative 
0  solution  was  sought  in  some  physical  property 

of  the  sea  capable  of  producing  the  sonic  re- 
flection. To  this  end,  .attempts  were  made  to 
correlate  the  phenomenon  with  density  discon- 
tinuities, or  abrupt* temperature  differences,  in 
<  the  sea.  However,  workers  were  unable  to  suggest 
any  physical  effect  that  would  account  for  the 
layers'  characteristic  of  ascending  to  the  surface 
at  sunset  and  descending  to  depth  at  sunrise.  '. 

Du£  to  both  the  lack  of  any  physical  effect 
and  the  diurnal  vertical  migrations  of  certain 
marine  animals,  biologists  postulate  that  the 
scattering  layers  are  of  biological  origin.  This- 
theory  has  endured  the  test  oftimeand'is  univer- 
*  sally  accepted  today.  " 

On  the  basis  of  this  correlation  and  later 
field  experiments,  it  was  concluded  that  huge 


aggregations  of  tihy  planktonic  animals  were 
reflecting  some  ofthesonicimpulses,  or  "pings," 
from  sound  apparatus.  The  animals,  it  was  sug- 
gested, rose  to  the  surface  at  nightfall  to  feed 
upon  the  abundant  phytoplankton%  At  daybreak  they 
would  again  seek  the  darkness  %of  depth,  either 
through  the  fear  of  predatatipn  or  their  natural 
sensitivity  to  light.  Further  investigations  hfcte 
shown  that  during  the  day  the  layers  remain  at 
depths  roughly  between  210  and  730  meters77fiT 
night  they  rise  almost  to  the  surface  and  diffuse, 
or  they  may  merge  into  a  broad  band  as  much  "as 
150  meters  thick.  Most  places  in  the  deep  ocean 
usually  have  three  layers,  the  deepest  at^an 
.    average  of  575  meters.  Sometimes,  sounding 
traces  show  very  diffuse  laygrs  that  stay'Vt 
the  same  depth  day  and>  night,  * 

From  physical  evidence  as  a  result  of  sam- 
pling and  bathyscaph  observations,  many  re- 
searchers are  of  the  opinion  that  shrimp-like 
crustaceans  called  euphausiidsandsergestidsare 
the  reflecting  agents  in  the  layers,  (See  figure  38,) 
Others,  however^  argue  that  crustaceans  rarely 
occur  in  sufficient  densities  to  produce  reflection 
layers.  In  rebuttal,  the  latter  researchers  suggest 
that  fish  and  similar  animals  with  swim  bladders,  . 
or  gas  filled  bubbles,  are  the  causative  agents. 
Quantities  of  myctophid,  or  lantern  fish,  2-  to 
3- inch  predators  which  feed  upon  crustaceans, 
have  been  collected  in  net  tows  to  reinforce 
this  contention.  At  least  one  observer  has  con- 
eluded  that  concentrations  of  tiny  jellyfish  equip- 
ped with  gas-filled  floats  are  a  source  of  the 
scattering  layers. 

The  complexity  of  the  problem  is*"indicated 
by  the  apparent  likelihood  that  several,  agents 
are  involved,  for' a  single  layer  often  "splinters" 
during  vertical  migration  into  as  many  as  four 
separate  elements.  These  elements  never  cross 
one  another,  each  seeking  a  precise-  depth  as 
though  adjusted  to  a  particular  level  of  twilight,  ^ 
Because  of  this  stratification,  exact  identification 
pf  each  element  is  dependent  upon  the  sampling 
devices'  selectivity,  which  at  present  leaves  much 
to  be  desired. 

The  inevitable  development  of  improved  sam- 
pling techniques  and  echo- sounding  apparatus  will, 
undoubtedly,  resolve  the  problems  of  the  deep 
scattering  layers.  But  apart  from  the  acoustical 
problems  the^  layers  present,  biologists  view  the 
phenomenon  as  a  valuable  ecological  tool  for  un- 
derstanding the  mass  distribution  of  life  within  the 
sea. 
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NATURAL  SEA  NOISES 

Marine  animals  contribute  another  source  of 
acoustic-interference*  Contrary  to  the  belief  that 
the  sea  was  a  silent  environment,  many  aquatic 
animals  are  now  known  to  produce  noises  of 
widely  varying  nature.  At  times,  concentrations 
of  animal  sound-emitters  can  set  up  a  veritable 
clangor  beneath  the  sea,  and  because  of  the  diverse 
.properties  of  air  and  water,  little  of  it  ever 
reaches  the  casual  listener  above  the  surface. 
Over  hydrophones,  however,  these  "fishy"  noises 
can  be  plainly  heard  and  recorded:  While  the 
sea's  inhabitants  are  apparently  well  adjusted 
to  this  condition  (having  no  other  choice),  such 
noises  can  have  serious  effects  on  naval  oper- 
ations. 

The  military  implications  of  natural  sea  , 
noises  were  not  fully  realized  until  World  War  II, 
when  their  intensity  and  worldwide  distribution 
were  recognized  as  limiting  factors  in  anti- 
submarine operations.  Early  researchers  found 
that  hydrophone  reception  was  decidedly  hampered 
by  the  ambient  noise  level  produced  by  animal 
sornd-emitters.  Some  of  the  sounds  are  character- 
istic of  surface'and  underwater  craft.  At  least  one 
organism,  or  group,  produces  a  sound  like  an 
unrhythmic  hammering  on  steel  to  the  under-  • 
standable  dismay  of  a  hydrophone  operator. 

Mindful  of  the  obvious  operational  and  psy- 
chological stress  that  the.  noises  placed  on  ship's 
crews,  the  Navy-  initiated  a  program  to  record 
and  identify  them.  The  object  of  the  program  was 
to  train  operators  of  acoustic  gear  to  discriminate 
between  biological  sounds  and  mechanical  sounds 
and  to  possibly  redesign  equipment  to  filter  out 
undesirable  sounds. 

The  problem  of  identification  is  complicated 
by  the  fact  that,  over  hydrophones,  the  sounds  made 
by  an  individual  animal  may  differ  from  the  effect 
"produced  by  a  group.  Thus,  the  croaker  often  makes 
a  drumming  _sound,  but  the  noise  produced  by  a 
dense  shoal  of  croakers  has  been  described  as  re- 
sembling that  of  a  pneumatic  drill  tearingup  pave- 
ment. In  some  instances  their  chorus  becomes  so 
voluminous  that  it  drowijs  out  completely  any  ship 
or  propeller  noise.  The  snapping  shrimp,  an  in- 
edible variety  smaller  than  a  man's  little  finger, 
produces  a  sharp  "snap"  with  its  lobster-Uke 
Oiaw,  but  the  over-all  noise  created  by  a  large 
number  of  suoh  animals  is  a  continuous  crackling 
noise  similar  to  radio  static.  (See  figure  40.) 


Figure  40.— Snapping  shrimp. 


In  the  effort  to  catalog  marine-animal  noised 
workers  found  it  necessary  to  correlate  the  sounds 
recorded  with  more  familiar  terrestrial  ones.  To- 
day, it  is  known  that  porpoises  and  whales  whistle, 
click,  bark,  and  moan;  barnacles  slurp;  black 
mussels  crackle;  toadfish  croak,  growl,  and  whis- 
tle; weakfish,  silver  perch,  atid  spot  perch  produce 
a  rapid,  raspy  croak;  the  Atlantic  croaker,  true 
to  its  name,  makes  a  similar,  almost  drumming 
sound  at  a  slower  rate;  the  northern  puffer  or 
swellfish  squeaks  and  coughs,  among  other  noises; 
the  striped  bamfish  coughs;  and  the  striped  sea 
robin  makes  a  sound  like  fingernails  being  scraped 
over  a  drum.  On  the  other  hand,  many  fish  have 
been  found  to  be  practically  mute,  such  as  the 
flounder  and  mullet. 

The  manner  in  which  the  organisms  produce 
their  sounds  as  fairly  well  known,  Crustacea 
sounds  are  normally  of  the  percussion  variety, 
such  as  the  claw-snapping  of  shrimp.  The  noises 
made  by  free-swimming  fish  are  usually  the  pro- 
duct of  their  swim-bladder.  This  organ  varies 
in  form  .with  the  species  of  fish,  and  the  type  of 
soundemitted  is  a  particular  function  of1  its  size, 
shape,  and  the  manner  in  which  it  is  vibrated. 
Fish  also  produce  rasping,  scraping,  grinding,  or 
whining  noises  either  by  grinding  their  teeth  or 
by  rubbing  their  fins  Together. 

The  exact  function  of  marine  animal  noises 
is  still  uncertain.  They  appear  in  some  instances 
to  be  associated  with  breeding  and  spawning;  in 
others,  to  be  defensive  and  protective.  It  seems 
likely  that  sounds  produced  by  at  least  some  fish 
are  used  by  them  for  spatial  orientation  in  a 
manner  similar  to  sonar.  It  has  also  been  deter- 
mined that  some  of  the  sounds-  made  serve  no 
useful  purpose  at  all  and  in  some  cases  even  reveal 
the  originator's  preserice  to  a  lurking  predator. 
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Figure  41.  -Estimated  distribution  of  fish  noise  based  on  the  presence  and\abundance  of  soniclpeoies 

and  their  sonic  abilities. 


_  Marine  biologists  are  particularly  interested 
in  determining  the  exact  biological  significance 
x  of  sounds  and  look  upon  the  non-military  use  of 
hydrophones  as  a  valuable  oceanographic  instru- 
ment. It  is  evident  ^hat  if  certain  sounds  are 
peculiar  to  certain  animal  groups,  underwater 
listening  could  be  used  to  plot  the  distribution 
of  such  animals.  Moreover,  by  classifying  the 
creaturefs  various  sounds,  suck  as  those  made 
while  spawning  and  feeding  and  those  believed 
to  be  * 'emotional,"  biologists  hope  to  broaden 
their  understanding  of  the  behavioral  traits  of 
marine  animals. 


CORAL  REEFS  ' 

Probacy  no  branch  of  oceanography  in- 
volves as  many  of  the  earth's  sciences  as  the 
study  of  the  ?ngm  and developmentof coral  reefs.' 
Primarily  an  active  biological  process,  the  build- 
ing, of  a  reef  embraces  geological,  chemical, 
and  physical  processes,  the  extent  of  which  varies 
with  the  location  and  type  of  formation  under 
construction.  M-hile  considerable  work  has  been 
'lone  in  this  field  over  the  years,  there  remain 


wide  gaps  in  knowledge  which  impede  progress, 
particularly  in  the  physiology*  and  ecology  of 
reef  organisms. 

Following  World  War  II,  a  war  fought  in 
coral  seas  of  which  little  was  known,  a  marked 
intensification  of  coral,  reef  investigation  took 
place  which  has  resulted  in  the  acquisition  of  val- 
uable biological  data.  The  importance  of  continued 
research  lies  not  only  in  the  fact  that  the  con- 
stantly growing  reefs  pose  a  serious  threat  to 
present  and  future  marine  operations,  but  im- 
proved-harbor  maintenance  and  the  stabilization 
of  many  important  islands  may  depend  upon  a 
better  Jaiowledge  of  coral  formation.  The  studies 
are  also  important  in  expanding  our  knowledge 
of  the  general  ecology  of  the  sea,  for  as  a  reef 
develops,  other  organisms  become  adapted  to  the 
environment,  thriving  and  contributing  to  a  rel- 
atively ''closed  system"  of  existence. 

The  most  important  builder  of  a  coral  reef 
is  a  polyp,  a  creature  very  low  on  the  scale  of 
evolution.  Th.ese  animals  cement  themselves  to  an 
underwater  platform  and  proceed  to  secrete  an 
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external  layer,  or  skeleton,  of  calcium  carbonate 
which,  due  to  the  shape  of  the  young  polyp, 
produces  a  stony  limestone  cup.  As  each  polyp 
matures,  tt  grows  in  size  and  complexity  of  struc- 
ture, branching  and  multiplying  to  eventually  form 
large  masses  of  dense  rock.  At  certarn-times-of 
the  ye$r,  the  polyps  reproduce  their  kind  by 
fele^stffl  larva,  which  are  carried  by  the  currents 
to  fcfcer  sites,  where,  if  suitable  conditions  of 
ternrerature  and  depth  exist,  a  new  reel  is  formed. 
It  has  been  estimated  that  billions  of  tons  of  rock 
are 'thus  created  each  year. 

Corals  are  specialized  carnivores,  subsisting 
on  tiny  planktonic  animals  which  they  capturewith 
their  paralyzing  tentacles.  Typical  reef-building 
corals  characteristically  contain  within  their 
tissues  numerous  algae  cells-  which  they  are 
incapable  of  expelling.  This  symbiotic  relationship 
between  animal  and  plants  contributes  mutualh 
to  each  others  well  being,  the  exact  significance 
of  which  is  the  subject  of  considerable  contro- 
versy among  marine  biologists.  It  appears  evident 


that  the  relationship  is  beneficial,  at  least  to  the 
host  polyp,' for  the  most  vigorous  coral  growth 
occurs  within  the  lighted  depths,  from  20  to  30 
fathoms,  apparently  due  to  the  fact  that  the 
contained  algae,  Like  all  plants,  r  t,uire  hglxt  for 
survival.-     &  -  — -  -  ■—  

Coral  growth  is  also  dependent  on  other  fac- 
tors which  include  favorable  tempemture,  salinity, 
and  nutrient  value  of  the  surround' ng  water  mass. 

A  secondary  but  integral  part  of  reef  con- 
struction are  the  various  calcareous  algae  which 
grow  upon  the  reef.  In  the  coursr  of  time,  these 
stony  plants  have  a  mortise-like  effect  upon  the 
environment  that  binds  the  reef  mass  together, 
contributing  to  its  over-all  strength. 

Coral  reefs  are  constantly  subject  to  various 
forces  that  can  damage  or  weaken  them.  Erosion 
from  the  constant  battering  of  the  sea  can  even- 
tually cause  massive  breakage,  and  the  depos- 
ition of  sediments  on  living  coral  beds  results 


Stinging  coral 


A  bed  of  lx>th  calcareous  and  stony  coral 


Elkhorn  coral  Common  sea  coral 

Figure  42.—  Representative  coral  forms. 
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in  Eventual  death  of  the  beds.  A  number  of 
snails,  worms,  and  barnacles  bore  deeply  into 
the  very  foundation  of  coral  colonies.  Naturally, 
a  greater  knowledge  of  the  effects  of  these  forces 
is  essential  to  present  and  future  coral  reef  studies. 

HARMFUL  AND  USE  FUL 
ASPECTS  OF  MARINE  LIFE 

Probably  the  most  important  problem  that 
man  associates  with  survival  at  sea  is  the  danger 
of  attacks"*  by  obnoxious  animals.  Whether  this 
or  othef  factors  are  the  primary  detriment  to 
survival  is  debatable.  The  fact  remains  that  sea 
life  poses  a  serious  threat  to  naval  operations 
'involving  swimmers  and  divers.  Furthermore,  as 
the  rapid  advances  in  underwater  equipment  and 
techniques  extend  the  depth  and  range  of  such 
operations,  there  is  a  greater  need  for  effective 
deterrents  against  the  threat. 

The  number  of  species  of  marine  animals 
capable  of  harming  man  has  been  estimated  at 
more  than  3,000,  and  these  are  separable  into 
three  categories:  poisonous,  venomous,  and  car- 
nivorous. The?  last  category  is'  undoubtedly  the 
most  familiar,  for  it  includes  the  biters  such  as 
the  fearsome  shark.  For  a  man  in  the  water, 
the  fear  of  sharks  is  well  founded,  f&r  out  of 
approximately  250  species  that  inhabit  the  seas-, 
more  than  50  are  -known  to  be  dangerous.  Fur- 
thermore, sharks  ar^rto  be  found  in  all  oceans 
from  45'  north  to  45°  south  latitude. 

Because  of  the  many  attacks  attributed  to 
them,  no  other  marine  animal  has  been  more 
extensively  observed  than  the  shark.  Over  the 
years,  cherriical  repellent  agents  have  been  devel- 
oped and  used  in  survival  circumstances.  Their 
effectiveness  has  been  less  than  complete,  for 
incidents  'have  been  recorded  in  which  sharks 
have  demonstrated  unpredictably  savage  conduct 
in  apparent  disregard  of  the  repellents  released. 

Attacks  by  other  marine  carnivores  such  as 
the  barracuda  and  the  moray  eel  present  a  physical, 
as  well  as  psychological  Jiazard  to  many  types  of 
underwater  opexatigas.  Venomous  animals,  such 
as  the  stonefishes,Jsea  snakes,  and  numerous 
invertebrates,  and  a  yarietyofstingipgorganisms 
represent  a  constant  menace  to  the  survivQr  at 
sea  or  the  unwary  swimmer  or  scuba  diver. 
The  development  of  truly  effective  defenses  against 
all  of  these  forms  will  require  far  more  ecological 
and  behavioral  information  than  is  now  available. 


Figure  44.—  Some  obnoxious  fishes:  A.  Moray  eel. 
B.  Parrot  fish.  C.  Sea  bass,  or  grouper.  D.  Bar- 
racuda. E,  Puffer. 

On  the  brighter  side,  however,  there  are  good 
indications  that  marine  life  itself  can  provide 
the  answers  to  these  and  many  other  problems. 
It  has  been  observed  that  certain  marine  animals 
and  plants  produce  substances  u'hich  either  kill, 
repel,  or  confuse  other  forms.  By  isolafingand 
examining  these  substances,  biologists  hope  to 
discover  more  effective  repellents  or  deterrents 
for  use  against  obnoxious  animals. 

Studies  of  the  pharmacological  properties  of 
marine  plants  and  animals  may  spen.the  door 
on  a  new  family  of  drugs.  The  defensive  poisons 
exuded  by  many  sea  organisms  are  believed  to  be. 
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the  source  of  potent  new  drugs  for  possible  use 
-in  the  war  against  cancer  as  well  as  other  human 
diseases.  For  example,  anti-cancer  drugs-are 
being  sought   in  the  tissues  of  shark  Drains. 

Studies  of  the  amazing  swimming  character- 
istics of  certain  marine  animals,  such  as  the 
dolphin  and  seal,  may  provide  information  useful 
in  the  design  and  construction  of  new  hulls  for 
surface  ships  and  submarines.  Research  on  the 
swimming  techniques  of  Pnarine  animals  indicates 
that  many  possess  highly  efficient  propulsion 
mechanisms,  completely  silent  and  accomplished 
without  detatfable  turbulence.  This  phenomenon 
is  of  considerable  interest  to  the  Navy  in  the 
development  of  future  submersibles. 

Biologists  have  determined  that  many  kinds 
of  marine  animals  have  the  ability  to  detect 
and  identify  targets  at  great  distances  and  then 
}         swim  toward  them  with  unerring  accuracy.  Closely  ' 
related  to  this  phenomenon  is  the  ability  of  shoals 
of  fish  to  perceive  and  respond  quickly  to  some 
sort  of  self-induced  signal.  These  signals  suggest 
a  highly  effective  system  of  underwater  com- 
munications* Research  in  this  field  is  expected" 
to  evolve  new  concepts  of  target  detection  and 
identification,  long-range  submerged  navigation, 
.  .md  underwater  communications. 

Many  other  unique  capabilities  of  marine 
organisms  are  being  studied  in  an  effort  to  create 
new,  and  improve  existing,  man-made  devices. 
Biologists  are  investigating  how  marine  animals 
such  as  whales,  porpoises,  seals,  and  numerous 
fishes  can  sound  rapidly  to  great  depths  without 
developing  the  bends  and  other  diseases  con- 
tracted  by   humans   under  similar  conditions. 
The  remarkable  process  by*  which  some  marine  - 
animals  can  replace  lost  or  damaged  parts  of 
their  bodies  may  hold  secrets  6f  cell  formation 
useful  to  medical  sciences.  The  anti-bacterial 
activity  of  marine  algae  may  aid  in  the"1fevelop- 
ment  of  new  antibiotics.  The  possibility  of  em- 
ulating natural  processes  of  air  purification  by" 


constructing  analogues  based  on  the  photos)  n- 
thesis  of  algae  is  being  investigated  as  a  means 
of  improving  submarine  habitability.  These  are 
but  a  few  of  the  potentially  great  discoveries 
at  hand,  and,  in  every  instance,  success  will 
depend  upon  the  systematic  acquisition  of  fun- 
damental biological  data. 

$   

.  THE  CHALLENGE 
OF  MARINE  BIOLOGY 

The  foregoing  has  been  a  brief  look  at  some 
of  the  problems  and  a  few  of  the  paths  open  or 
being  opened  to  solve  the  problems  faced.  There 
can  be  no  serious  doubt  that  these  problems 
can  be  solved  at  the  present  level  of  our  technolo- 
gy. The  results  of  applied  research  today  w>ll  be 
merely  the  basic  knowledge  of  tomorrow,  as 
whole  new  concepts  and  goals  will* undoubtedly 
come  into  focus.  This,  however,  is  a  healthy 
progression  and  one  which  will  provide  the  nec- 
essary motivation  for  continued  effort. 

The  modem  challenge  to  marine  biologists' 
is  to  understand,  explain,  and  predict  the  in- 
tricate interrelationships  of  life  in  th<*  sea. 
It  is,  of  course,  impossible  to  forvtvll  the  excent 
that  this  knowledge  will  affect  the  future  of  man- 
kind. That^  it  will  be  profound  appears  evident 
in  the  many  imaginative  programs  being  under- 
taken. The  ultimate  goals  are  far  reaching  and 
constantly  being  extended  as  the  scfences  adjust, 
almost  „daily>  to. an  increasing  awareness  of  the 
ocean's  great  potential.  Today,  ;t  seems  reason- 
able to  envisionspectacularachievements  ininner 
space  that  will  parallel  those  of  outer  ^pace. 

To  this  end  the  National  Oceanograuhic 
Program  will  b^reatly  aided  by.  the  formation  of 
the  National  Oceanic  and  Atmospheric  Admin- 
istration that  was  formally  organized  in  late 
1970.  The  formation  of  NO  A  A  will  reduce  dup- 
lication of  effort  as  well  as  give  the  concerted 
effort  needed  to  systematically  investigate  the 
ocean  and  atmosphere. 
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WATER  MOTIONS 


WAVES  AND  SURF 

Ocean  surface  waves  are*advancing  crests 
and  troughs  of  water  propagated  by  the  force 
of  the  wind.  Waves  usually  are  defined  and 
measured  by  their  height,  period,  and  length. 
Height  is  the  vertical  distance  between  crest 
and  trough,  period  is  the  time  between  passage 
of  successive  crests-  or  troughs  at  a  reference 
point,  and  length  is  the  horizontal  distance  be- 
tween successive  crests*  Deepwater  wave- 
length and  period  are  related  by  a  simple  equa- 
tion: wavelength  »  5.12  x  period2  ,  Also,  individ- 
ual wave  speed  (knots)  »  3.03  x  period. 

Although  wave  observations  can  be  made  by 
direct  measurements,  some  uncertainty  may 
exist  as  to  what  actually  has  been  measured. 
Therefore,  in  order  to  obtain  a  clear  idea  as  to 
the  combinations  of  waves  present  "on  an  ap- 
parently confused  ocean  surface,  a  knowledge 
of  the  growth  of  wind  waves  (sea)  and  the  decay 
of  swell  is  necessary. 

Growth  of  Wind  Waves  (Sea) 

1    Under  the  influence  of  a  newly  formed  wind, 
ripples  develop  into  waves  whose  dimensions 
tend  to  increase  with  the  wind  velocity,  dura- 
tion, and  fetch  (the  length  of  the  area  over 
which  the  wind  is  blowing).  Waves  also  are 
subject  to  decaying  influences,  as  discussed 
later*   Further  development  in  a  steady  wind 
results  in  variously  dimensioned  waves  with 
progressively  increasing  heights  and  periods, 
until  a  steady  state  of  sea  is  reached  in  which 
the  sea  is  fully  developed  for  the  prevailing  wind 
speed.  That  is,  the  relative  .proportions  of  waves 
of  varying  heights  and  periods  remain  the  dame  as 
long  as  the  wind  does  not  change.  These  wind  waves, 
generated  locally  by  a  continuing  wind,  are  known 
as  sea.  Although  this  sea  originated  in  a  sin$e  wind 
system,  it  isa  combination  of  many  different  waves 
which  are  angular  and  short  crested,  have  various 
heights  and  directions,  and  give  the  appearance 
of  a  rapidly  changing  ocean  surface. . 
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Comparison  of  visual  wa*e  height  observa- 
tions and.  the  more  comprehensive  mechanical 
wave  height  measurements  shows  that  the  former 
indicate  only  the  higher  waves.  An  observer1* 
judgment  of  wave  height.,  is  biased  toward  the 
higher  waves,  whereas  a  wave  meter  measures 
all  yof  the  waves.  Fortunately,  a  simple  relation 
exists  between  the  two:  A  visual  observation  of 
wave  height  at  a  given  time  and  place  is  about 
t  the  same  as  the  average  of  the  highest  1/3  of 
all  thevwaves  at  that  time  and  place.  This  average 
is  called  the  significant  hefght. 

With  present  obseiVational  techniques,  the 
features  of  an  individual  sea  wave  are  unpredicta- 
ble. What  can  be  forecast,  however,  is  the  statis- 
tically probable  distribution  of  heights,  periods, 
and  directions  of  sea.  The  different  distributions- 
for  the  various  sea  states  are  Illustrated  in 
Table  6  forjfully  developed  seas,  where  averages 
-  rather  than  distributions  are.given,  ■ 

The  wave  frequency;  speed,  direction,  and 
fetch  of  the  wind;  and  the  decay  distance  (the 
distance  the  waves  proceeded  from  the  gener- 
ating area)  are  used  to  obtain  a  number  (E) 
which  is  related  to  wave  height.  Values  of  wave 
height,  length,  and  period  are  subsequently  de- 
termined from  E,  Instructions  for  making  such 
a  statistical  forecast  are  found  in  N,0,  Pub. 
No,  603, 


Swell 

Se^persists  only  in  the  fetch  area  and  for  the 
duration  of  the  generating  wind,  JL  the  wind 
dies  doym  or  if  the  waves  leave  the  retch  area, 
the  ocean  surface  waves  become  swell,  which  in 
time  can  be  distinguished  from  sea  by  its 
appearance.  Swell  waves  character! stically  are 
founded,  their  crests  are  longer  and  lower  than 
those  of  sea  waves,,  and  they  are  more  regular 
in  height,  period,  and  direction,  A  particular 
swell  can  be  followed  for  some  distance  across 
the,  ocean's  surface. 
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Another  important  difference  between  sea 
and  swell  is  the  uniformity  or  nonuniformity  of 
peripds,  heights,  and  directions.  Sea  wave  periods 
are  variable,  whereas  swell  wave  periods  are 
fairly  "uniform.  Under  the  influence  of  a  gen- 
erating" wind,  sea  waves  are  from  various  dir- 
ections. A  group  having  a  given  direction  tends 
40  travel  together,  but  as  these- waves  leave 
the  area  of  generation  they  separate  from  the 
sea  waves  having  other  directions;  this  is  known 
as  angular  spreading.  This  group  of  separated 
sea  waves  now  is  known  as  unidirectional  swell. 
If  a  subgroup  of  swell  waves  having  a  given 
period  is  chosen  from  the  unidirectional  group 
and  if  then  the  subgroup  travels  a  few  huiidred 
miles,  another  phenomenon,  known  as  dispersion, 
becomes  evident.  The  waves  having  shorter 
periods  (traveling  slower)  will  have  dropped 
behind  the  subgroup,  and  the  longer  period  waves 
will  have  sped  ahead  of  the  subgroup.  Thus, 
any  swell  sufficiently  removed  from  its  origin 
is  comparatively  uniform  in  both  period  and 
direction. 

.  Forecasts  of  the  distribution  of  swell  char- 
acteristics are  made  in  terms  of  the  separation 
(filtering)  by  angular  spreading  and  dispersion. 

Wave  Decay.— As  a  swell  wave  progresses,  in 
the  absence  of  a  sustaining  wind,  its  height 
decreases  with  a  consequent  reduction  in  wave 
steepness  (height  to  length  ratio).  T^is'  altera- 
tion of  wave  form,  that  is,  the  tendency  of 
waves  to  level  off  to  a  smooth  ocean  surface,  is 
known  as  wave  decay.  One  reason  for  wave 
decay  is  a  loss  of  energy  from  the  wave  that  is 
brought  about  by:  (1)  internal  friction  (eddy 
viscosity),  (2)  resistance  encountered  as  waves 
tencTtoovertake  the  wind,  (3)  restraint  by  cross- 
/vinds,  (4)  action  of  currents  in  the  path  of 
waves,  and  (5)  the  effects  of  seaweed,  ice, 
shoals,  islands,  or  continents  in  the  path  of  waves. 

In  a  group  ^of  waves  which  were  generated  to- 
gether in  a  storm  area,.height  decay  occurs  partly 
because  of  the  decay 'of  individual  .waves  and  partly 
because  of  angular  spreading  and  dispersion.  In 
the  latter  phenomenon,  waves  ate  separated  from 
each  other  through  angular  spreading  (differences 
in  direction)  or  through  dispersion  (differences  in 
period  or  wavelength).  In  each  process,  wave 
heights  which  formerly  reinforced  each  other  in 
height  no  longer  do  so,  and  the  effect  is  that  the 
observed  wave  heights  are  less  than  before  angular 
spreading  and  dispersion  took  place,  although  the 
heights  of  the  individual  waves  areessentially  the 
same.  * 
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Another  aspect  bf  wave  decay,  the  change  of 
wavelength,  comes  about  as  a  result  of  dis- 
persion; that  is,  long  waves  travel  ahead  of 
short  waves  because  of  the  difference  in  speed. 
Thus,  the  assortment  of  wavelengths  near  a 
generating  storm  contains  comparatively  few 
long-length  waves  as  compared  to  the  assort- 
ment a way-from  thestorm.  

Surf 

Wave^  which  originated  in  a  distant  storm 
often  travel  as  long  low  swell  which,  although 
scarcely  noticeable  until  they  near  the  shore, 
eventually  become  surf.  As  these  waves  pass 
among  outlying  islands,  they  are  deflected  and 
scattered;  they  are  further  bent  around  points 
and  into  bays,  tending  to  orient  their  crests 
parallel  to  the  shoreline.  Hence,  there  is  often 
considerable  local  variation  in  surf  character- 
istics. 

Sea  and  swell  involv^not  only  action  at~the 
surface  but  also  mG^ion  of  water  particles  at 
depth.  As  a  wave  passes  through  an  area,  the 
surface  water  particles  ii)  the  area  move  up, 
forward,  down,  and  backward,  describing  circles 
in  planes  parallel  to  the  direction  of  wave 
travel.  Subsurface  water  particles  do  likewise, 
describing  circular  orbits  whose  diameters  dim- 
inish with  increasing  depth.  As  the  wave  enters 
shallow  water,  the  particles  orbit  beneath  the 
surface,  and  the  orbits  become  ellipses  which 
flatten  with  depth.  Finally,  at  the  bottom  the 
particles  no  longer  have  vertical  motion.  In  deep 
water,  below  the  greatest  depth  of  wave  influence, 
there  is  no  motion  due  to  wave  action,  whereas 
in  shallow  water,  particles  oscillate  to  and  fro 
along  the  bottom  parallel  to  the  direction  of 
wave  travel.  < 

As  the  wave  enters  water  of  depth  less  than 
one-half  the  wavelength,  it  is  said  to  feel  bottom. 
As  its  wavelength  decreases, steepness  increases 
and  height  may  change.  When  the  steepest  surface 
of  the  wave  inclines  more  than  60°  from  the  hor- 
izontal, the  wave  becomes  unstable  and  plunges 
forward. 

When  breakers  and  surf  are  forcasted,  a 
number  of  factors  must  be  considered,  as  varia- 
tions in  these  factors  greatly  influence  local  surf 
conditions.  Some  of  these  factors  are:  the  height, 
period,  length,  and  direction  of  the  incoming 
wave  train;  the, winds  near  shore;  bottom  and 
beach  topography*;  angle  of  breakers  with  shoreline; 
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Figure  45.— The  three  types  of  breakers. 


distance  of  outermost  breakers  from  the  beach; 
and  average  depth  of  water  at  point  of  breaking. 

Depiction  of  Sea  and  Svrf&ll 

A  knowledge  of  sea  and  swell  conditions  is 
basic  in  the  planning  of  many  naval  operations. 
For  example,  the  effectiveness  of  sonar  equip- 
ment can  be  limited  by  wave  conditions;  rough 
seas  produce  high  background  noisA  whereas 
relatively  calm  seas  may  jtfoduce  thermal  strati- 
fications that  affects  sonar  ranges.  The  effi- 
ciency of  air  and  radar  search  for  submarines 
and  snorkels  also  depends,  to  some  extent,  upon 
surface  wave  conditions. 


Sea  anft  swell  usually  are  presented  graphic- 
ally in  atlases  and  other  oceanographic  publica- 
tions l?y  means  of  roses,  which  picture  jthe 
percent  frequency  of  various  sea  snd  swell 
height  categories  by  direction.  Also,  bargraphs 
and  isolinesNare  used  to  give  the  percent  fre- 
quency of/occurrence  of  selected  sea  and  swell 
height  categories. 


Data  for  sea  and  swell  presentations  usually 
are  obtained  from  machine  punch  cards  whose 
source^m&terial  is  wave  observations  from 
marine  meteorological  and  oceanographic  forms, 
deck  lqgs,  and  special  observation  forms.  Addi- 
tionally, wave  data  may  be  computed  directly 
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from  wind. observations  at  sea*  The  data  are 
generally  combined  into  sea  and  swell  roses  for 
areas  of. Various  sizes,  dejtending  upon,  the  relative 
uniform^  of  conations  withiri  the  area  and  the 
number  of  Available  observations.  Examples  of  the 
frequency  distrfbution  of  sea  are  shown  in  figure 
4G,  and  examples  of  the  'frequency  distribution 
of  swell  are  shown  in  figure  47.  Note  that  swell 
penetrates  some  distance  into  ice  covered.  areaS, 
•depending  on  its  period  and  the  concentration 
and  thickness  of  the  pack,  whereas  sea  is  largely 
attenuated  by  ice. 

Sea  and  swell  data  usually  are  grouped  by 
seasons,  since  invmost  areas  of  the  world  seasonal 
variations  are  greater  than  those  of  shorter 
periods.  However,  the  presentations  of  the  data  are 
general  and  do  not  take  mto^account  temporary 
local  effects  such  as  the  passing  of  storms, 
frontal  systems,  local  atmospheric  disturbances, 
and  land  and  sea  breezes  which  occur  along 
coastlines. 

Controls 

Since,  as  has  been  stated,  waves  are  produced 
b\  winds,  the  principal  controlling  factors  in 
determining  average   wave   patterns   over  an 
ocean  area  and  the  seasonal  changes  in  a  loqal 
*  area  are  the  chmatological  features  having*  a 
primary  effect  on  wind,  namely,  surface  baro- 
metric pressure  distribution  and  storms.  Figure 
48   is  a   typical  synoptic  wave  chart  for  tfce* 
North  Atlantic,  with  the  atmospheric  pressure 
•pattern  superimposed,  showing  how  waves  are 
^elated  to  winds  over  a  major  ocean  area.  The  t 
wave  heights  have  been  reported  by  ships  "or  l\* 
have  been  determined  from  wind  velocities  and 
duration,   fetch,   and  decay  distance.  The  re-  [ 
lationship  of  the  major  wave  trains  to  the  synoptic 
weather  pattern  is  obvious,  as  is  the  association  ' 
of  the  higher  waves  with  the  strong  winds  of 
low  pressure  systems.     :  >  ' 

Although,  ocean  waves  are  generated  as  a 
direct  result  of  wind  action,  other  factors  affect* 
their  magnitude  and  direction.  The  following 
are  examples: 

Currents.—  When  waves  enter  an  area  of 
strong  opposing  currents,  the  wave  form  steep- 
'ens  even  to  the  point  of  breaking.  ■  Conver- 
sely, when  waves  move  with  a  component  of 
the  current,  they  increase  in  length  and  decrease 
in  height. 


Bottom  Topography.  —.Water  is  defined  as 
shallow  if  the  water  depth  is  less  than  one-half  of 
,the  distance  between  wave  heights  on  the  surface" 
(wavelength).  Changes  in  depth  within thipshaJ low 
water  zone  result  in  velocity  changes  of  various 
-'segments  of  a  wav^-This  process,  called  wave 
refraction,  is  similar  to  the  bending  of  light,  rays 
when  they  pass  through  various  substances.  Wave 
velocity  decreases  as  water  depth  decreases,  and 
unless  -the  di  rection  of  propagation  is  perpendicular 
to  the  bottom  -  contours,  the  portion  of  a  wave  • 
entering  shallow  water  moves  more  slowly  than  the 
portion  of  the  same  'wave   in  deeper  water. 
The  portions  of  shallow  water  waves  passing 
over  depressions  on  the  bottom  move  faster 
than  the  portions  on  either  side;  hence,  wai?e- 
crests  stretcfi  and  heights  decrease.  Observa- 
tions of  variations  in  wave  heights  in  shallow 
water  may  indicate  the  approximate  position  of 
underwater  rfdges  and  depressions.  Islands  lying 
in  the  path  of  waves  cause  refraction  around 
their  sides.  Leeward  of  an  island,  the  waves 
may  meet  and  pass  through  each  other,  producing 
a  confused  cross  sea. 

Local  Winds,—  All  .sea  areas  near  t^e  shores 
of  continents  and  large^  islands  are  influenced 
by  land  and  sea  breezes!  Modification  of  the  ex- 
isting wind  field,  by  onshore  winds  during  the 
afternoon  and  by  offshore  winds  during  mcrn- 
mg  causes  corresponding  mqreases  or  decreases 
in  sea  ^eights.  Also,  gravity  winds,  whitfh  are 
formfed  when  dense  cold  air  accumulates  on  con- 
tinental highlands  and  flows*  rapidly  down  ihe 
slope  and  out  over  the  sea,  produce  high  waves 
for  short  distances  from"  shore. 

CURRENTS 

A  general   knowledge  of  currents  "is  es- 
sential JorJan>understandrjigof  both  the  interaction 
of  the  s,ea  a*'nd  air  and  the  oceanic  circulation  » 
in  general.  'Oceanic  circulation^  plays  a  major' 
role  in  the  distribution  of  many  environmental 
factors,    *  , 

.Although*  the  directions  and  speeds  of  che 
principal  surface  currents  are  fairly  well  knpwn, 
"knowledge  of  subsu!rface  •  currents  is  seriously  • 
limited.  Recent  important  developments  in  current 
measuring  devices  and  new^current  investigating 
techniques  have  led'fo  some  significant  discover- 
ies in  subsurface  circulation,  'Fof  example,  a 
.  southward  flow  has  been  found  to  great  depths 
beneath"  the~powerful£  north-4ehing  Gulf  Stream, 


Figure  47.-  Swell. 
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and  an  unexplained  jet  of  eastward-flowing  sub- 
surface water  (the  Cromwell  Current)  with  speeds 
to  3  knots  has  been  discovered  setting  counter  to 
the  .west- setting  North  Equatorial  Current  in  the 
Pacific  Ocean.  However,  direct  subsurface  cur- 
rent measurements  in  the  ocean  are  not  nearly 
abundant  enough  to  establish  a  pattern  of  sub- 
surface circulation.  Our  knowledge  of  subsurface 
circulation  is  based  primarily  on  a  method  of 
water  density  computations  from  the  distribution 
of  temperature  and  salinity,  factors  much  easier 
to  measure  and  for  which  much  more  abundant 
data  are  available.  Current  charts  that  are  con- 
structed^ from  these  computations  are  generalized, 
but  knowledge  of  subsurface  currents  would  be 
even  more  scanty  if  based  entirely  on  direct 
observations. 

Currents  in  the  sea  generally  are  produced  by 
wind,  tide,  differences  in  density  between  water 
masses,  sea  level  differences,  or  runoff  from  the 
land.  Thfey  may  be  roughly  classified  as  tidal  or 
nontidal  currents.  Nontidal  currents,  those  not 
caused  by  tidal  movement,  include  the- permanent 
currents  in  the  general  circulatorj^ystems  of  the 
oaean;  geopotential  currents,  which  are  those  as- 
sociated with  density  differences  in  water  masses; 
and  temporary  currents,  such  as  wind-driven  cur- 
rents, which  arise  from  meteorological  conditions. 
Tidal  currents  are  the  horizontal  expression  of 
tide  forces  and  usually  are  significant  only  in  shal- 
low water,  where  they  often  become  the  strong  or 
dominant  flow.  Although  tidal  currents  will.be  con- 
sidered in  greater  detail  at  the  end  of  this  section, 
it  is  important  to  note  here  that  currents  are  usual- 
ly a  combination  of  tidal  and  nontidal  currents.  One 
type  of  current,  the  hydraulic  current,  can  be  clas- 
sified as  either  tidal,  nontidal,  of  a  combination. 
Hydraulic  currents  are  caused  by  differences  m 
sea  level  between  two  bodies  of  water  and  usually  ' 
occur  in  straits  separating  such  bodies  of  water* 

Wind-driven  currents,  of  course,  are  those 
motivated  by  the  force  of  the  wind  exerting  stress 
on  the  sea  surface.  This  stress  causes  the  surface 
water  to  move,  and  this  movement  is,  transmitted 
to, the  underlying  water  to  a  "depth  "which" is  de- 
pendent mainly  on  the  strength  and  persistence  of 
the  wjnd.  Most  ocean  currents  are  the  result 
of  winds  that  tend  to  blow  in  a  given  direction 
over  considerable  amounts  of  time.  Likewise, 
local  currents,  those  peculiar  to  an  area  in  which 
they  are  found,  will  arise  when  the  wind  blows 
in  one  direction  for  some  time.  In  many  cases, 
the  strength  of  wind  may  be  used  as  a  rule  of 
thumb  for  determining  the   speed  of  a  local 
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current;  the  speed  is  figured  as  2%  of  the  wind's 
force.  Hence,  if  a  wind  blows  for  3  or  4  days 
in  a  given  direction  at  about  20  knots,  it  may  be 
expected  that  a  local  current  of  nearly  0.4  knot 

is  being  experienced. 

«  • 

The  speed  of  a  current  is  known  as  its 
drift.  Drift  is  normally  n)easured  in  pautical 
miles  per  hour.  The  term  "velocity"  is  often 
•  used  as  the  equivalent  of  "speed"  in  reference 
to  current,  although  strictly  "velocity"  implies 
direction  as  well  as  speed.  Set,  the  direction 
in  which  the  current  acts  or  proceeds, -is  measured 
according  to  compass  points  or  degrees.  Obser- 
vations of  currents  are  made  directly  be  mechani- 
cal devices  that  record  speed  and  direction,  or 
indirectly  by  water  density  computations,  drift 
bottles,  or  visually  (slicks  and .  water  color 
differences). 

Ocean  Currents 

q  The  system  of  currents  in  the  oceans  of  the 
w^rld  keeps  the  water  continually  circulating. 
The  midwinter  positions  of  these' major  ooean 
currents  (general  circulation)  are  shown  in  figure 
49.  These  positions  shift  only  slightly  with  the 
seasons,  except  in  the  northern  part  of  the  India* 
Ocean  and  along  the  China  coast  where  the  mon- 
soons cause  the  currents  to  flow  in  opposite 
directions  in  winter  and  summer.  Currents  appear 
on  most'  charts  as  well-behaved  continuous 
streams  defined  by  clear  boundaries  and  with 
gradually  changing  directions.  These  representa- 
tions usually  are  smoothed  patterns  derived  from 
averages  of  many  observations  and  do  not  repre- 
sent synoptic  or  instantaneous  situations.  Figure 
50  is  an  example,  based  on  actual  observations 
of  the  meandering  of  the  Gulf  Stream,  that  can 
be  expected  within  short  periods  of  time.  Un- 
fortunately, prediction  of  such  meanders  cannot 
be  made  at  present.  Thus,  surface  and  subsurface 
charts  must  represent  resultant  or  prevailing 
currents  derived  statistically  and  based  on  many 
observations. 

Ocean  currents  usually  are  strongest  near  the 
surface  and  sometimes  attain  considerable  speed, 
such  as  5  knots  or  more  reached  by  the  Florida 
Current.  In  the  middle  latitudes,  however,  the 
strongest  surface  currents  rarely  reach,  speeds 
above  2  knots.  At  depth,  currents  generally  are 
slow  (less  than  0.5  knot),  but  recent  investigations- 
have  disclosed  the  existence  of  high  velocity 
streams,  such  as  the  Cromwell  Current  in  the 
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Figure  49.—  Major  ocean  currents  (midwinter). 
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Figure  50.—  Example  of  Gulf  Stream  meandenngs. 


^Icific  Ocean.  At  very  great  depths,  in  trenches 
for  example,  it  was  beli'eved  that  currents  were 
imperceptible,  but  now  some  evidence  indicates 
a  measurable  flow. 

Winds  are  the  primary  generating  force- 
responsible  for  the  general  current  patterns 
shown  in  figure  49.  Figure  51  shows  the  wind 
systems  of  the  world  whose  characteristics  are 
similar  YrTmany  respects  to  the  currents  shown 
in  figure  49.  A  wind-driven'  current  does  not 
flow  in  exactly  the  same  direction  as  the  wind, 
but  is  deflected  by  the  earth's  rotation.  This 
deflecting  force  (Conolisforce),greaterathigher 
latitudes  and  more. effective  in  deep  water,  is  to' 
the  right  oMhe  wind  direction  151  the*  Northern 
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Figure  51.— .-World  chart  showing  the  prevailing  winds  in  February. 
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Hemisphere  arid  to  the  left  in  the'  Southern  Hemi- 
sphere. At  latitudes  between  10*N  and  10#S,  the 
current  usually  sets  down  wind.  In  general,  the 
angular  difference  in  direction  between  the  wind 
and  the  surface  current  varies  from  about  10 #  in 
shallow  coastal  areas  to  as  much  as  45#  in  some 
areas  of  the  open  ocean.  The  angle  increases  with 
depth  of  current,  and  at  certaindepths  the  current 
may  flow  in  the  opposite  direction  to  that  at  the 
surface.  Some  major  wind-driven  currents  are 
.the  West  Wind  Drift  in  the  Antarctic,  the  North 
and  South  Equatorial  Currents  that  lie  in  the 
trade  wind  belts  of  the  ocean,  and  the  seasonal 
monsoon  currents  in  the  western  Pacific. 

Ocean  currents  have  a  definite  structure 
which  often  is  obscured  near  the  surface  by  effects 
of  winds  and  other  factors.  Large  density  gradients 
may  develop  in  the  vicinity  of  strong  ocean  cur- 
rents. Within  the  prevailing  current  systemscen- 
tered  at  mid- latitudes,  the  surfaces  of  equal 
density  slope  downward  toward  the  right  of  the 
observer  facing  downcurrent  in  the  Northern 
Hemisphere  and  downward  toward  his  left  in  the 
Southern  Hemisphere.  In  some  areas,  where  cur- 
rents carrying  water  of  different  densities  conr 
verge,  confused  currents  usually  exist,  Examples 
of  such  areas  are  the1 convergence  of  the  warm 
Gulf  Stream  and  the  cold  Labrador  Current  in 
the  western  Atlantic  and  the  warm  Kuroshlo 
and  the  cold  Oyashio  in  the  western  Pacific. 


such  as  the  cold  south-jsetting  coastay 'current 
and  the  warm  north-setting  Gulf  Stream  along 
our  east  coast,  warm  wafer  often  forms  a  shal- 
low wedge  over  the  denser  colder  water.  For 
example,  figure  52  shows  a  latitudinal  cross 
section  of  two  currents  flowing  side  by  side. 
Since  th£  distance  in  this  figure  from^A  to  C 
represents  100  miles,  the  vertioal  scale  is  greatly 
exaggerated.  In  proceeding  from  A  to  C,  the  sub- 
marine travels  through  two  areas  of  fairly  deep 
surface  layers  near  A  and  C.  In  each  of  the36 
layers  the  thermoclines  are  deep,  and. sound  con- 
ditions are  relatively  good.  Away  from  the  centers 
of  these  current  systems,  the  surface  layers  shofcl, 
and  hear  B  (the  boundary  between  the  two  cur- 
rents) the  warm  water  overlies  the  cold  water 
as  "a  shallow  wedge.  Tongues  of  warm  and  cold 
water  intertwine  along  this  interface  and  usually 
cause  poor  sound  conditions.  Similarly,  where 
the  west-setting  North  and  South  Equatorial 
Currents  border  on  the  east-setting  Equatorial 
Countercurrent,  the  thermocline  is  shallow  and 
echo  ranging  conditions  are  poor. 


In  deep  water,  currents  are  related  to  the 
thermocline  (layer  of  rapid  temperature  decrease 
with  depth),  and  three  general  ^situations  may 
be  recognized:  (1)  Above  the  thermocline  the 
subsurface  dur rents  have  about  the  game  speed 
and  direction  as  surface  currents,  (2)  current 
speed  frequently  decreases  sharply  at  the  thermo- 
cline, and  (3)  below  the  thermocline  current 
^^peeds  gradually"  decrease  with  depth,  and  their 
direction  may  differ  appreciably  from  that  above 
the  thermocline.  The  depths  to  which  significant 
subsurface  flow  ban  be  detected  vary  with  each 
current  or  in  different  parts  of  the  same  current. 
Usually,  water  having  characteristics  of  that  on 
the  surface  extends  deeper  ne^r  the  axfs-  &f„ 
major  current  systemsrThough  seasonal  warming 
may  develop  a  sharp  shallow, thermocline,  the 
stronger  current  and  resulting  turbulence  near  the 
axis  of  a  system  produces  a  deeper  homogeneous 
layer  conducive  to  better  detection  ranges. 

Whep  adjacent  currents  of  different  physical ' 
characteristics  set  (flow)  in  opposite  directions, 


Figure  52.—  Idealized  cross  section  of  an  ocean 
current  and  countercurrent. 

Eddies,  which  vary  in  size  from  a  few  miles, 
to  75  miles  or  more  in  diameter,  branch  from 
major  currents.  Large  eddies  are  common  on  both 
sides  of  the  Gulf  ^Stream  from  Cape  Hattevas 

,to  the  Grand"  Banks.  How  long  such  -eddies 
persist  and  retain  their  d{iaracteristics  near  the 
surface  is  not  well  known,  but  large  eddies  near 
the  Gulf  Stream  are  known  to  persist  longer 
than  a"  month.  The  surface  speeds  of  currents 
within  these  ^ddies,  when  firstformed,  may  reach 
2  knots.  Smaller  eddies  have  much  less  momentum 

Jugd  sqghji  die  down  or  lose  their  surface  character- 
istics through  wind  stirring.  Eddies  are  a  potential 
source  of  pod r  and-  variable  sound  conditions. 

Vertical  Currents 

In  addition  to  currents  that  travel  hori- 
zontally in  the  sea,  there  also  are  those  that 
move  vertically.  In  sopie  areas  this  vertical 
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nicneraent  is  primarily  responsible  for  the  oc- 
currence of  strong  thermal  gradients.  Most 
vertical^  circulation  occurs  in  the  upper  1,000 
feet.  Vertical  circulation  at  great  depths  is 
represented  by  a  general  overturning  of  the 
water  masses,  rather  than  vertical  transport  by 
definite  currents, 

Sink^g  of  Surface  Water,  —A  highly  variable 
phenomenon  much  influenced  by  local  water 
Movements  and  weatfier  is  the  vertical  down- 
ward movement  (sinking)  of  heavier  (denser) 
surface  wafer.  Sinking  may  occur  in  almost 
any  part  of  the  oceans,  but  ordinarily  occurs  at 
the  convergence  between  two' water  masses  of 
different  characteristics,  especially  where  there 
is  considerable  cooling  or  evaporation  of  surface 
water.  ^Sinking  may  be  significant  to  submarine 
operations  in  a  convergence  zone  that  is  only 
a  few  yardg  wide  and  several  miles  long.  Such 
a  convergence  area  may  have  the  choppy  ap- 
pearance of  a  tide  rip  and  contain  debris  brought 
into  it  by  the  converging  currents.  Also,  the 
downdraft  sometimes  is  strong  enough  to  sink 
debris  of  slight  buoyancy,  and  the  surface  currents 
may  be  strong  enough  to  hold  a  drifting  vessel 
in  the  convergence  despite  crosswind.  Unfortun- 
ately, very  little  information"  is  available  about 
the  size  and  form  of  the  downward  currents, 
since  most  observations  of  their  existence  have 
been  at  the  surface. 

Upwelling.-r  Converse  to  the  descending 
movement  of  surface  waters  is  the  ascending 
movement  (upwelling) .  Upwelling  may  occur  any- 
where in  the  oceans,  but  most  often  it  occurs  in 
coastal  regions  where  a  strong  wind  blows  the 
surface  water  seaward  and  allows  the  deeper 
colder  water  to  rise  in  its  place.  Upwelling 
normally  occurs  along  the  west  coasts  of  conti- 
nents/being particularly  strong  off  Peru,  Cali- 
fornia, and  the  west  coast  of  Africa.  Offshore 
winds  tend  to  produce  upwelling,  but  wiod  par- 
celing the  coadt  also  may  cause  upwelling  along 
th$  shore,  as  Cotfolis  force  will  deflect  the  flow 
pi  water  considerably  (figure  53).  For  example, 
a  north  or,  northwest  wind  along  the  coast  of 
California  causes  upwelling,  whereas  a  southerly 
wind  does  not.  In  the  Southern  Hemisphere  south- 
erly winds  may  cause  upwelling,  as  off  the  coast 
of  Peru. 

Coastal  and  Tidal  Currents 

Coastar  currents  arg  caused  mainly  by  river 
-discharge,  tide,  and  wind;  however,  in  part  they 


Figure  53.—  Example  of  upwelling  in  Northern 
Hemisphere. 

may  also  be  produced' by  the  circulation  in  the 
open  ocean.  Because  of  the  tides  or  local  topo- 
graphy, coastal  currents  often  are  irregular. 
Much  theory  regarding  deepwater  currents  does 
not  apply  to  water  movement  shoreward  of  the 
100-fathom  contour. 

-Tidal  currents,  a  factor  of  little  importance 
in  general  deepwater  circulation,  are  of  great 
influence  in  coastal  waters.  The  tides  furnish 
energy  through  tidal  currents,  which  keep  coastal 
waters  relatively  well  stirred,  often  resulting 
in-isovelocity  sound  conditions.  However,  close 
to  shore  and  especially  near  the  mouths  of  es- 
tuaries, fresh  water  outflow  often  is  restricted 
to  the  surface  and  produces  a  distinct  layer.  A 
strong  tidal  current  usually  produces  considerable 
turbulence.  This  turbulence  may  affect  sounds 
conditions,  maneuverability  of  vessels,  and  factors 
of  importance  to  ASW. 

Having  considered  the  relationship  of  coastal 
currents  and  tidal  currents  to  one  another  and  to 
ocean  currents,  let  us  now  examine  in  greater 
depth  the  tidal  phenomenon. 

Tidal  Phenomenon 

The  tidal  phenomenon  is  composed  of  two 
closely  related  movements— tide  anddidal  current. 
"Tide"  refers  to  the  vertical  rise  and  fall  of 
water,  and  "tidal  current,"  to  the  horizontal 
flow.  The  tide  rises  and  falls;  .the  tidal  current 
floods  and  ebbs.  The  movements  are  intimately 
related,  and  both  are  caused  by  Jorces  of  the 
moon  and  the  sun  upon  the  earth. 

Tides.—  In  general,  a  tide  rises  and  falls 
twice  daily.  The  tide  rises  until  it  reaches  a 
maximum  height,  called  high  tide  or  high  water, 
and  then  falls  to  a  minimum  level,  called  low 
tide  or  low  water.  The  difference  in  height 
between  consecutive  high  and  low  waters  is  called 
the  range  of  the  tide. 
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The  rate  of  rise  and  fall  of  a  tide  is  not. 
uniform.  From  low  water  the  tide  rises  slowly 
at  first  and  increases  until  about  half  way  to  high 
water.  Then  the  rate  of  rise  decreases  until, 
high  water  is^  reached,  at  which  time  the  rise 
ceases  and  for  a  brief  period,  called  stand,  no 
change  in  water  level  can  be  detected  A  falling 
tide  Ijehaves  in  a  similar  manner. 


A  graphic  representation  of  the  rise  anci  fall 
of  the  tide  at  New  Yo'rk  during  a  24-hour  period  is 
shown  in  figure  54.  Notice,  that  the  tide  curve 
has  a  general  form  of  a  sine  curve. 


Figure  54.-  The  rise  and  fail  of  the  tide  at 
New  York. 

• 

As  we  have  already  stated,  tides  result  from 
.differences  in  the  gravitational  attraction  of 
various  celestial  bodies,  principally  themoonand 
the  sun,  upon  the  earth.  The  moon  has  the  greatest 
tide-producing  effect;  the  sun  has  somewhat  less. 
The  effect  of  other  heavenly  bodies  is  insignifi- 
cant. y 

-  The  gravity  of  the  earth  acts  approximately 
toward*  the  earth's  center  and  tends  to  hold  the 
earth  in  the  shape  of  a  sphere.  However,  the 
moon  and  sun  provide  disturbing,  or  tide-produc- 
ing, forces.  -  * 

Figure  55  represents  the  tides  which  would 
be  produced  by  the  moon  alone  if  the  .earth' were 
a  non-rotating,  perfect  sphere  with  a  uniform 
coating  of  water.  The  gravitational  attraction  of  the 
moon  would  cause  the  waters  to  bulge  out  at  two 
opposite  points.  These  bulges,  dfrectly  in  line 
with  the  moon,  would  be  the  two  points:  of  max- 
imum high  tide,  From  there  the  water  level 
would  slope,  down  to  minimum  low  tide  90°  from 
the  points  of  high  tide.  Jf  the  earth  were  then 
rotated  under  the  water,  all  places  on  its  sur- 
face would  be  .carried  through  alternate  high 
and  low  tides. 


Figure  55.  -Tide,s  are  caused  by  a  bulging 
out  of  water  in  the  direction  of  the*  moon  and 
in  the  direction  opposite  -the  moon. 

The  gravitational  pull  of  the  moon  or  sun 
does  not  actually  lift  the  water  in  the  bulges 
from*  the  earth.  The  fluidity  of  water  permits 
the  water  to  move  in  the  direction  of  the  attracting 
body  and  pile  up  at-the  point  nearest  the  center 
of  the  attractive  force,  as  well  as  at  a  point 
180°  from  it.  The  piling  up  or  accumulation  of 
water  causes  the  bulges. 

i> 

Because  of  its  comparative  closeness  to  * 
the  earth,  the  moon  has  a  greater  tide-producing 
effect  than  the  sun.  Therefore,  we  will  consider 
the   rnoon   and   its   effects    in   greater  detail. 

The  tide-producing  forces  of  the  moon  tend 
to  create  high  tides  on  the  sides  of  the  earth 
nearest   to  and  farthest  from  the  moon,  with 
a  low  tide  belf  between  them.  As  the  earth  ro- 
tates on  its  axis,  a  point  on  earth  passes  through 
two  high  and  two  low"*  tidal  areas  each  day  if 
the  moon  is  over  the  equator  if igu re  56A).  As 
the  moon  orbits  around  the  earth,  it  occupies- 
different  positions  relative  to  the  equator.  The 
angular  distance  of  the  moon,  north  or  south, 
from  the  equator  is  called  its  declination.  When 
the  moon  is  north  or  south  of  the  equator,  the 
tidal  force  pattern  is  as  shown  in  figure  56B,  and 
a  point  on  the  equator  passes  through  two  unequal  • 
highs  or  only  one  high.  Thus,  due  to  the  moon's 
declination,  a  particular  plkce  may  have  two  high 
tides  in  a  day,  one  of  which  is  higher  than  the  • 
other,  and  two  low  tides,  one  of  which  is  lower. 
The   various  tides  during  the  day  at  a  given  - 
place  axe  termed  higher  high  water,  lower  high 
;  water,  higher  low  water  and  lower  low  water. 

The  tide-producing  forces  due  to  the  sun 
are  similar  to  those  of  the  moon,  and  the  tide  * 
experienced  on  earth  is  a  resultant  of  the  two. 
That  part  of  the 'tide  caused  by  the  tide-pro- 
ducing forces  ofthe  moon  is  called  lunar  tide. 
That  part  caused  by  the  sun's  forces  is  solar 
tide.  - 
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Figure  56.—  Tide-producing  forces.  The  ar- 
rows represent  the  magnitude  and  direction  of 
the  horizontal  component  of  the  tide-producing 
force  on  tha  earth's  surface.  (A)  When  the 
mcon  is  in  the  plane  of  the  equator,  the  forces 
are  equal  in.  magnitude  at  the  two  points  on  the 
same  parallel  or  latitude ,  and  180*  apart  in 
longitude.  (B)  When  the  moon  is  at  north  (or 
*  south)  declination,  the  forces  are  unequal  at 
such  points  and  tend  to  cause  an  inequality  in 
the  two  high  waters  and  the  two  low  waters  of  a 
day. 

A  body  of  water  has  a  natural  period  of 
oscillation  that  is  dependent  upon  its  dimensions. 
The  ccean  is  not  a  single  oscillating  body;  instead, 
it  i3  made  up  of  a  number  of  oscillating  basins. 
When  such  basins  are  acted  upon  by  the  tide- 
producing  forces,  some  respond  more  readily  to 
daily  or  diurnal  forces,  others  to  semidiurnal 
forces,  and  others  almost  equally  to  both.  Hence, 
tides  at  a  place  are  classified  as  one  of  three 
types  —  semidiurnal;  diurnal,  or  mixed  —  ac- 
cording to  the  characteristics  of  the  tidal  pattern 
occurring  at  the  place. 

"  .  In  the  semidiurnal  type  of  tide»  there  are 
two  high  and  two  low  waters  each  tidal  day, 
with  relatively  small  inequality  in  the  high  and 
low  wates  heights.  Tides  on  the  Atlantic  coast 
of  the  United  States  are  representative  of  the 
semidiurnal  type,  which  is  illustrated  in  figure 
57  by  the  curve  for  Boston  Harbor. 

In  the  diurnal  type  of  tide,  only  a  single  hfgh 
and  single  low  water  ocGur  each  tidal  day. 
Tides  of  the  diurnal-  type  occur  along  the  north- 
ern shore  of  the  Gulf  of  Mexico,  in  the  Java  Sea, 
tn  the  Gulf  of  Tonkin  (off  the  Vietnam-China 


Figure  57.—  Semidiurnal  type  of  tide. 

coast),  and  in  a  few  other  localities.  The  tide 
curve  for  Pakhoi,  China,  (figure  58)  is  an  example 
of  the  diurnal  type. 


"VVt  is  i« » I  i  um«» 


Figure  58.—  Diurnal  type  of  tide. 

In  the  mixed  type  of  tide,  the  diurnal  and 
semidiurnal  oscillations  are  both  important  fac- 
tors, and  the  tide  is  characterized  by  a  large  in- 
equality in  the  high  water  heights,  low  water 
heights,  .or  in  both.  There  are  usually  two  high 
and  two  low  waters  each  day,  but  occasionally 
the  tide  may  become  diurnal.  Such  tides  are 
prevalent  along  the  Pacific  coast  of  the  I".  S. 
and  in.  many  other  parts  of  the  world.  Exam- 
ples of  mixed  types  of  tide  are  shown  in  figure  59. 
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Figure  59.— Mixed  types  of  tide. 
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AtXos'&igtie8,_.it  is  typical  that  the  inequali- 
ties in  the  high  and  low  waters  are  about  the 
same.  At  Seattle  the.  greater  inequalities  are 
typically  in  the^low  waters,  while  at  Honolulu 
the  high  waters  have  the  greater  inequalities. 

A  special  feature  of  a  mixed  tide  that  is 
sometimes  observed  is  the  double  low  water  (as 
at  Hook  of  Holland)  and  the  double  high  water  (as 
at  Southampton,  England).  At  such  places  there 
is  often  a  slight  fall  or  rise  in  the  middle  of  the 
high  or  low  water  period  The  practical  effect 
is  to  create  a  longer  period  of  stand  at  high 
or  low  tide.  Tide  tables  direct  attention  to  these 
and  other  peculiarities  where  they  occur.  - 

The  natural  period  of  oscillation  of  a  body  of 
water  may  accentuate  either  the  solar  or  the 


lunar  tidal  oscillations.  Although,  as  a  general 
rule,  tides  follow  the  moon,  the  relative  im- 
portance of  the  solar  effect  varies  in  different 
areas.  There  are  a' few  places,  primarily  in  the 
South  Pacific  and  the  Indonesian  areas,  where 
the  solar  oscillation  is  the  more  important,  and 
at  those  places  the  high  and  low  waters  occur 
at  about  the  same  time  each  day.  At  Port  Ade- 
laide, Australia,  (figure  60)  the  solar  and  lunar 
semidiurnal  oscillations  are  equal  and  nullify 
one  another  at  neaps. 

The  attractive  force  of  the  sun  is  slightly  Jess 
than  half  the  amount  caused  by  the  moon.  This 
is  because  of  the.  moon's  relative  size  and  shcrc 
distance  from-  the  earth  as  compared  to  the 
sua  Therefore,' lunar  tides  are  more  pronounced 
than  those  caused  by  the  sun. 
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Figure  60.-  Tidal  variations  at  various  places  during  a  month. 

60  l 


27 i  • 


# 


When  the  moon  and  sun  are  in  line  with  the 
earth  (at  both  new  and  full  ' moon),  the  two 
effects  act  together  or  reinforce  each  .other. 
High  tides  are  then  at  a  maximum,  and  low  tides 
a  minimum.  Tides  caused  by  the  joint  action  of 
the  sun  and  moon  are  called  spring  tides.  The 
name  has  no  connection  with  the  seasons  of  the 
year.  ^ 

The  sun  and  moon  are  atquadrature  when  they 
are  90*  from  one  another  as  measured  from  the 
earth  (at  both  first  and  last  quarter).  At  quadrature, 
the  two  tidal  effects  tend  to  counteract  each  other. 
High  tides  are  not  as  high  nor  are  low  tides  as  low. 
These  tides  are  called  neap  tides.  Spring  tides  have 
the  greatest  range;  neap  tides,  the  least  range. 

A  tide  at  a  particular  place  exhibits  many 
variations  during  the  month  (figure  60).  The 
range  of  the  tide  varies  in  accordance  with  the 
intensity  of  the  tide-producing  force,  though 
there  may  be  a  lag'  of  a  day  or  two  between  a 
particular  astronomic  cause  and  the  tidal  effect. 

As  the  moon  orbits  around  the  earth,  its  dis- 
tance from  the  earth  varies.  At  perigee,  the 
moon  is  at  the  point  in  its  orbit  nearest'the 
earth.  At  apogee,  the  moon  is  farthest  from 
the  earth.  The  moon's  distance  from  the  earth 
affects  the  strength  of  the  tide-producing  forces 
and,  consequently,  the  range  of  the  tide. 

When  the  moon  is  closest  to  the  earth—  at 
perigee-  the  semidiurnal  range  is  increased  and 
perigean  tides  occur.  When  the  moon  is  farthest 
from  the  earth  -  at  apogee-  the  smaller,' 
apogean  tides  occur.  When  the  sun -2nd  moon 
are  in  line  and  Ire  pulling  together,  as  at 
new  and  full  moon,  spring  tides  occur.  When  the 
moon  and  sun  oppose  each  other,  as  atquadrature, 
*the  smaller, 'neap  tides  occur.  At  certain  times? 

•  these  phenomena  coincide,  reinforcing  each  other 
to  produce  the  great,  perigean  spring  tides  and 
the  3mall  apogean  -neap  tides.  These  are  var- 
iations in  the  semidiurnal  portion  of  the  tide. 

.  Wnen  the  moon  is  at  its  maximum  semimonthly 
declination  (either  north  or  south),  thtf  range  of  the 
tide  is  at  a  maximum.  The  tides  that  occur  during 
this  period  are  called  tropic  tides.  When  the  moon 

•  crosses  the  equator,  the  diurnal  range  is  at  a  min-* 
imum.   These  smalltfr^range  tides  are  called 
equatorial  tides* 

When  the  range  of  tide  is  increased,  as  in 
spring  tides,  the  high  waters  rise  higher,  and 


the  low  waters  fall  lower.  The  greater  the  range 
of  a  tide,  the  more  depth  at  high  tide  and  the 
less  depth  at  low  tide.  For  example,  there  is 
more  depth  at  neap  low  water  than  at  spring  low 
water.  With  tropic  tides,  there  is  usually  more 
'  'depth  at  one  low  water  during  the  day  than  at 
the  other. 

While  it  is  desirable  to  know  the  meanings 
of  these  terms,  the  best  way  of  determining  the 
height  of  the  tide  at  any  given  place  and  time 
is  to  examine  the  tide  predictions  for  the  place 
as  given  in  the  tide  table.  Figure  61  illustrates 
variations  in  the  ranges  and  heights  of  tides  in 
a  locality  where  the  water  level  always  exceeds 
the  charted  depth. 

Tide  Cycles:  Tide  predictions  can  also  be 
based  on  a  knowledge  of  tide  cycles.  The  basic 
tide  cycle  extends  from  any  phase  of  a  tide  to 
the  next  recurrence  of  the  same  phase.  During 
a  lunar  day  (averaging  24  hours  and  50  minutes) 
each  of  the  two  semidiurnal  cycles  is  completed 
in  about  12  hours  and  25  minutes.  Another  cycle, 
which  is  caused  by  the  phases  of  the  moon, 
lasts  about  two  wecks-the  approximate  time  that 
the  moon  requires  to  change  from  new  to  full  or 
from  full  to  new.  The  tide  cycle  involving  the 
moon's  distance  from  the  earth  requires  approx- 
imately a  lunar  month  (a  synodical  month  of  about 
29  l/2f  days).  The  sun's  declination  and  distance 
*  cycles  are  a  half  year  and  a  year  in  length, 
respectively.  An  important  lunar  cfycle,  called 
the  nodal  period,  „is*I8.6  years  (usually  expressed 
in  round  figures  as  19  years)*  For  V  tide  value, 
particularly  a  range,  to  be  considered  a  true 
mean,  itr  must  either  be  based  upon  observations 
extended  over  the  nodal-  period  of  time  or  be 
adjusted  'to  take  account  of  variations  known 
to  occur  during 'the  period. 

Since  thes lunar  tide-producing  force  has  the 
greater  effect  in  producing  tides  at  most  places, 
the  tides  "follow  the  moon."  If  the  earth  were 
not  rotating,  high  water  on  the  open  sea  woruld 
occur  at  about  the  time  of  meridian  passage 
(upper  and  lower)  of  the  moon.  Because  of  the 
rotation  of  the  earth,  high  water  lags  behind  mer- 
idian passage.  The  tidal'day,  which  is  also  the 
lunar  day,  is  thetime  between  consecutive  transits 
of  the  moon,  or  24  hours  and  50  minutes  on  the 
average.  Where  the  tide  is  largely  semidiurnal  in 
type,  the  lunitidal  interval— the  interval  between 
the  moon's  meridian  transit  and  a  particular 
phase  of  tide-  is  fairly  constant  throughout  the 
month,  .varying  somewhat  with  the  tide  cyoles. 
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Figure  61.- 


Variations  in  the  ranges  and  heights  of  tide  in  a  locality  where  the  water  level  alWs 
exceeds  the  charted  depth.  n 


In  the  ocean,  the  tide  may  be  of  the  nature 
of  a  progressive  wave  with  the  crest  moving 
.  forward,  a  stationary  or  standing  wave  which 
oscillates  in  a  seesaw  fashion,  or  a  combination 
of  the  two.  Consequently,  caution, should  be  used 
in  inferring  the  time  of  tide  at'a  particular  place 
from  tidal  data  for  nearby  places.  In  a  river  or 
estuary,  for  example,  because  the  tide  enters 
from  the  sea  and  is  usually  sent  upstream  as  a* 
progressive  wave,  the  tide  occurs  progressively 
later  at  various  places  upstream. 

The  nature  of  a  tide  at  any  given  place 
can  also  be  affected  by  land-mass  interference. 
Land  masses  interfere  with  the  action  that  would 
normally  be  carried  out  if  the  earth  were  without 
these  barriers.  This  is  especially  true  of  harbor 
basins  with  narrow,  restricted  entrances  where 
the  water  is  kept  from  flooding  the  basin  as 
rapidly  as  the  water  level  of  the  ocean  rises. 
Similarly,  the  water,  is  prevented  from  ebbing 
as  quickly  as  the  ocean  level  falls. 

Tidal  Datums:  Determination  of  the  height 
and  depth  of  tides  is, based  on  an  arbitrary  point 


of  reference  known  as  a  tidal  datum.  There 
are  a  number  of  su.cn  levels  of  reference  that 
/arg\  important  to  the  mariner.  The  relation  of 
J  the  tide  each  day  during  a  month  to  these  datums 
is   shown,*  for  certain  places,  *^n   figure"  60. 

The  most  important  leVel  of  reference  .to 
the  mariner  is  the  datum  of  soundings  on  charts. 
Since  the  tide  rises  and  falls  continually  while 
soundings  are  being  taken  during  a  hydrographic 
survey,  the  tide  should  be  ol?gerved  during  the 
survey  so  that  spundings  tatfen  at  all  stages  of  the 
tide  can  be  reduced  to  a  common  datum.  Soundings 
on  charts  show  depths  below  a  selected  low  water 
datum  (occasionally  mean  sea  level),  and  tide 
predictions  in  tide  tables  show  heights  above  the 
same  level.  The  depth  of  water  available  at  any 
time  is  obtained  by  adding  the  height  of  the  tide 
at  the  time  in  question  to  the  charted  .depth,  or 
by  subtracting  the  predicted  height  if  it  is  negaMve. 

By  international  agreement,  the  level^jsedss 
chart  datum  should  be  just  low  enough  'so  that 
low  waters   do   not  go  far  below/it.  At  frost 
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places,  however,  the  level  used  is  one  deter- 
nined  from  a  mean  of  a  numtjer  of  low  waters 
(ksurily.  over  a  19-yeafc-period);  therefore,  some 
IpW  waters  can  bev  e/xpected  to  fall  below  it 
TWs  following  are  spme  of  the  tidal  datums  in 
general  use. 


slightly  from  half-tide  level,  which  is  the  level 
midway  between  mean  high  water  and  mean  *pw 
water. 

Inconsistencies  of  terminology^are  found 
'  among  charts  of  different  countries  and  be- 
tween charts'  issued  £t  different  times.  For  ex- 
ample, the  spring  effect  as  defined  here  is  a 
feaiuxe  of  pnly  the  semidiurnal  tide,  yet  it  is 
synonymous^  with  tropic  ef- 
fect td  reieF~Vr*ff&^  range  of  a 
diurnal  tide.  Such  inconsistencies  are  being  re- 
duc^through  increased  international  coopera- 


fighest  low  water  datum  in  considerable 
use  is,  mean  low  water  (MLW),  which  is  the 
average  height  of  all  low  waters  at  a  place.  About 
half  of  th^4owwaters  fall  below  it.  Mean  low 
water  aptmg  (M1AVS),  usually  shortened  to  low 
water  .springs, -Is  the  average  level  of  the  low 
waters  that  occur  at  the  times  of  spring  tides^r  tretf£  , 
Mean  lower  U»r  water  (MLLW)  is  the  averagfe  ^ 

height  of  ttfTlower  low  waters  at  a  place.  Large-scale  charts  usually  specify  the  datum 

Tropic  lower  low  water  (TcLLW)  is  the  average  \  of  soundings  and  may  contain  a  tide  note  giving 
■  — •     -         -       —       ~<  ^  o;«~i^      mean  heights  of  the  tide  at  oneor  more  places  on 

the  chart.  These  heights  are  intended  mere- 
ly as  a  rough  guide  to  the  change  in  depth  to 
be  expected  under  the  specified  conditions.  They 


height  of  the  lower  low  waters  (or  of  the  single 
daily  low  waters  if  the  tide  becomes  diurnal) 
that  occurs  when  the  moon  is  near  maximum 
declination  and  the  diurnal  effect  is  most  pro- 
nounced. This  datum  is  not  in  common  use  as  a 
tidal  reference.  Indian  spring  low  water  (ISLW), 
sometimes  called  indian  tide  plane  or*harmonic 
tide  plane,  is  a  low  datum  that  includes  the 
spring  effect  of  the  semidiurnal  portion  ofjthe 
tide  and  the  tropic  effect  of  the  diurnal  portion. 
It  is  about  the  level  of  lower  lbw/Waterof 
mixed  tides  at  the  time  that  the  moon'?  maximum 
declination  coincides  with  the  time  of  new  or  full 
moon.  Mean  lower  low  water  springs  is  the  average 
level  of  the  lower  of  the  two  low  waters  on  the 
days  of  spring  tides.  Some  still  lower  datums 
iwed  on  charts  are  determined  from  tide  obser- 
vations, and  some  are  determined  arbitrarily  and 
are  later  referred  to  the  tide.  Most  of  these 
datums  fall  close  to  one  of  two  datums— lowest 
normal^  low  water  and  lowest  low  water.  Lowest 
normal  low  water  is  a  datum  that  approximates 
the  Ju^rage  height  of  monthly  lowest  low  waters, 
discarding  any  tides  disturbed  by  storms.  Lowest 
low  water  is  an  extremely  low  datum.  It  conforms 
•generally  to  the  lowest 'tide  observed,  or  even 
somewhat  lower.  Once  a  tidal  datum  is  established, 
it  is  generally  retained  for  an  indefinite  period, 
even  though  it  might  differ  slightly  from  a  better  > 
determination  from  later  observations.  When  this 
occurs,  the  .established  datum  may  be  called 
low  water  datum,  lower  low  water  datum,  etc. 

In  some  areas  where  there  is  little  or  no 
tide,  such  as  the  BalticSea,  mean  sea  level^MSL) 
is  used  as  chart  datum.  This  is  the  a#rage 
height  of  the  surface  of  the  sea  for  all  stages  of 
the  tide  over  a  19-year  period.  This  may  differ 
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should  not  be  used  for  the  prediction  of  heights 
on  any  particular  day.  Such  predictions  should  be 
obtained  from  Tide  Tables. 

Heights  of  land  features  are  usually  referred 
on  nautical  charts  to  a  high  water  datum.  The 
on£   used  on  charts  of  the  United  States,  its 

^"territories,  and  possessions,  and  widely  used 
elsewhere,  is  mean  high  water'  (MHW),  which 
is  the  avexage  heigljt  of  all  «gh  waters  over  a 
19-year  period.  Any  other  high  water  datum  in 
use  on  charts  is  likely  to  be  higher  than  this. 
Other  high  water  datums  are  mean  high  water 
springs  (MHWS),  which  is  the  average  level  of  the 
high  waters  that  occur  at  the  time  of  spring  tides; 
mean  higher  high  water  (MHHW),  which  is  the 
average  height  of  the  higher  high  waters  of  each 

^lay;  and  tropic  higher  high  water  (TcHHW), 
which  is  the  average  height  o'f>**e  higher,  high 
waters  (or  the.  single  dally  'feign  waters  if  the 
tide  becomes  diurnal)  that  occur  when  the  moon 
is  near  maximum  declination  and  the  diurnal 
.effect  is  most  pronounced.  A. reference  merel> 
to  "high  water"  leaves  some  doubt  as  to  the 
*  specific  level  referred  to,  for;th6  height  of  high 
water  varies  from  day  to  day.  Wfi^re  the  range 
is  large,  the  variation  during  a* two-week  period 
may  be  considerable. 

Tide  Predictions:  The  tide  at  different  places 
responds  differently  to  the  tide-producing  forces. 
Thus,  the  nature  of  the  tide  at  any  place  can 
be  determined  most  accurately  by  actual  obser- 
vation. The  predlictfons  in  Tide  Tables  and  the 
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tidal  data  on  nautical  charts  are  based  on  such 
observations. 

Tides  are  usually  observed  by  means  of  a 
continuously -recording  gage,  A  year  of  obser- 
vation is  the  minimum  length  desirable  for  de- 
termining various  factors  used  in  prediction, 
A  longer  period  of  tifite  is  necessary  for  de- 
termining mean  sea  level  or  long-time  changes 
in  the -relative  elevations  of  land  and  sea,  Fpr 
these,  as  well  as  other  special  uses!,  observations 
have  been  mitie  at  important  locations  over 
♦periods  of  20,  30  and  even  50  years. 

Observations  for  a  month  or  less  will  estab- 
lish the  type  of  tide.  Such  observations  can  be 
used  for  comparison  with  tides  of  a  similar  type 
'    to  determine  differences  and  variations. 

Most  published  tide  predictions  are  made  on 
the  tide  predicting  machine.  In  its  calculations, 
the  machine  takes  into  account  all  of  the  various 
tide-producing  forces  and  factors,  Includingphase 
of  the  moon,  and  distance  and  declination  of  the 
sun- and  moon. 

Tide  Tables:  Tide  Tables  are  published 
annually  by  tH|  National  Oceanic  and  Atmospheric 
Administration.  They  are  published  in  four  vol- 
umes, which  cover  the  areas  of  Europe  and  West 
Africa;  East  Coast  of  North  and  South  America, 
including  Greenland;  West  Coast  of  North  and 
South  America,  including  HawaiQand  the  Cen- 
tral and  Western  Pacific  Ocean  ai|4  Indian  < 

Table  i  gives  the  daily  tide  predictions,  lisij* 
of  reference  stations,  explanations  the  table, 
typical  tide  curves  for  certain  United  Stat 
ports,  and  daily  predictions  for  reference 
tions.  In  order  to  extract  the  time  a 
any  port  in  the  vicinity  of  a  reference 
it  is  first  necessary  to  locate  the  neare 
ence  point  and  then  if  a  ratio  or  diff 
indicated,  apply  it  to  .the  tabular  valu*  o 
or  height  of  tide  of  {he'  reference  station  a 
in&to'the  information  desired. 


30&- 


Table  2<*fsts  Tidal  Differences  aiii  Constants, 
explanation  of  the  table,  and  lists  &<>ondaly  or 
Subordinate  stations  in  geographical  ordgr  ac- 
cording to  latitude  and  longitud^  andMncludes 
such  information  as ,  will  be  applicable  to  the 
predictions  of  a  stated  referenct  station,  ena- 
bling mariners  to  obtain  tidal  incarnation  to?  the 
vicinity  of  the  subordinate  station/pie  Differences 
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Column  of  the  table  gives  times  of  advance  or 
retard  of  the  time  of  .the  iide  near  the  reference 
*  station.  Differences  are,  marked 'either  plus  or 
minus  and  must  be  adde.d  to  or  subtracted  from 
the  times  shown  in  Table  1,  according  to  the 
sign  listed  in  Table.  2.,  The  mean  r^nge  and  spring 
.range  of  tide  are  also  listed  and*  are  shown  An 
feet  and  tenths  of.  feet.  ' 

*    Tsble  3  provides  information  for  use  infind- 
the  approximate  heifcftt  of  the  Ude  at  any 
*~xime  between  high  water,  and  16w  water' 

Table>f  Is  a  sunrise-sunset  table  at  five-day 
intervals-  for  various  latitudes  from  76\V  to 
60*S  f4(TS  in  one  volume). 

Table  5  provides  an  adjustment  to'convert 
the  local  mean  time  ofTable4tozone  or  standard 
time.         .  ,  •  r 

Table  6  (tw9  volumes  only)  gives  the  zcne 
time  of  moonrise  and  moonset'for  ekch  day  of 
%  the  year  at  certain  selected  places. 

Table  7  gives  'certain,  astronomical  data.  In 
the  two  volumes  not  having. moonrise-moonset 
tables,  this  is  Table  6,  ^ 

Tid^l  Currents.— As  you  have  already  learned, 
the  rise  and  fall  of -tides  cause  currents  called 
tidal  currents.  When  the  horizontal  movement  is 
.   tow&a*d  the,  land,  the  current  is  known  as  a  flood 
current,  and  inversely  when  it  is  away  from  tha 
lantf,  it  is  called  an  ebb  current.  .The  peiiod 
of  time,  when  there  is  no  motion  of  the  water, 
^such  as  when  Jthe  tide  is  near  high  and  again 
^hen  it  is  near  low  water,  is  called  slack  water. 
iThe  maximum  speed  of  a  current  between  consec- 
utive slack  waters  is  referred  to  as  the-strength 
of  ilood  or  the  strength  ofvebb,  Although  tfie  term 
"strength1'  is  often,  .used  to  refer  to  speed,  it  is 
used  more  often  ,to  refer  to  the  greatest  speed 
between  consecutive  slack  waters, 

Tidal  currents  are  most  pronounced  in  the 
entrances  to  large  tidal  basins  thfct  have  restrict- 
ed openings  to  the  sea.  This  fact  often  accounts 
for  steerage  problems  experienced  by  vessels, 

Tide  rips  caused  by  swift  tidal  currents  flow- 
ing over  an  irregular  bottom  often  setup  rips  and 
eddies  Jthat  are  generally  deceptive  in  appearance  f 
•and  will  sometimes  change  a  ship's  course  as 
much  as  30degrees,  One  characteristic  appearance 


of  a  tide  rip  is  4n  the  coloring  of  the  water. 
The  line  caused  may  not  always  be  straight, 
tut  can  usually  be  se3n  if  watched  for.  Another 
characteristic  is  the  small  wavelets  caused  by  the 
wind.  The  water  outside  the  current  will  often 
ha\e  many  small  wavelets,  whereas  the  swift 
running  current  may  be  barren  of  wavelets,  and 
again  a  quite  visible  line  may  be  detected,  giving 
the  helmsman  a  clue  to  what  may*  be  forthcoming 
as  the  ship  passes  from  one  side  of  the  line  to 
the  other. 

In  rivers  or  straits,  where  the  directioivof 
flow  is  more  or  less  restricted  to  certain  channels, 
the  tidal  current  is  reversing;  that  is,  it  flows 
alternately  in  approximately  opposite  directions, 
with  slack  w^ter  at  each  reversal  of  the  current. 
Durin&the  flow  in  each  direction,  the  speed  varies 
from  zero  at  the  time  of  slack  water  to  a  maximum 
at  the  strength  of  flood  or  the  strength  of  ebb, 
which  occurs  about  midwly  between  the  slacks. 
Reversing  currents  can  be  indicated  graphically, 
as  in-  figure  62,  by  arrows  that  represent  the 
speed  of  the  current  at  each  hour.  The  flood 
is  usually  depicted  above  the  slack  water  line 
and  the  ^ebb  below  it.  The  tidal  curve  formed  by 
the  ends  of  the  arrows  has  the  same  character- 
istic ginejorm  as  the  tide  curve.  (In  illustrations 
for  certain  purposes,  as  in  figures  65  and  68,  it 
is  convenient  to  omit  tlfe  arrows  and  show- only 
the  curve.) 
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shown  in  figure  62,  and  the  period  of  weak  current 
near  the  time  of  slack  is  considerably  shortened. 

Besides  being  found  in  narrow  bights  or 
.along  coasts,  tidal  currents  are  also  found 
on  the  high  seas.  These,  however,  are  not  as 
frequept  as  the  tidal  currents  near  shore. 

Offshore,  wl;ere  the  direction  of  flow  is 
not  restricted  by  any  barriers,  the  tidal  current 
is  rotary;  that  is,  it  flows  continuously,  with  the 
direction  changing  through  ali  pojnts  of  the  compass 
during  the  tidal  period.  The  tendency  for  the  flo- 
tation in  direction  has  its  origin  in  the  deflecting 
force  of  the  earth's  rotation,  and  unless  modified 
by  local  conditions,  the  change  is  clockwise  in 
"the  Northern  Hemisphere  and  counterclockwise  in 
the  Southern  Hemisphere.  The  speed  usually  varies 
throughout  the  tidal  cycle,  passing  through  two 
maximums  in  approximately  opposite  directions 
and-  two  minimums  about  halfway  between  the 
maximum  in  time  and  direction.  Rot^y  currents 
can  be  depicted,  as  in  figure  63,  by  a  series  of 
arrows  representing  the  direction  and  speed  of  the 
current  at  each  hour.  This  depiction  is  sometimes 
called  a  "current  rose.  Because  of  the  elliptical 
pattern  formed  by  the  ends  of  the  arrows,  it  is 
also  referred  .to  as  a  current  sglljpse. 
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Figure  62.—  Reversing  tidal  current. 

.  £  slight  departure  from  the  sine  form  is  - 
exhibited  by  the  reversing  ^current  in  a  strait, 
such  as  East*  River,  New  "York,  that  connects 
twcr  tidal  bodies  of  water,  the  tides  at  the  two  - 
ends  of  a  strait  ^re  seldom  in  phase  or  equal 
in  range.  This  Jkfrrent,  called  hydraulic  cyrrent, 
is.generated  largely  by  the  continuously  changing 
difference  irt  height  of  water  at  the  two  ends.  The 
gp£ed  of  a  hydraulic  current  varies  directly  in 
Relation  to  the  height  of  the  water  at  the  two  ends-, 
The  speed  reaches  a  maximum  more-quiqkly  and^ 
remains  at  strength  for  a  longer  Fferitf^JljAn 


Figure.  63.— Rotary  tidal  current.  Times  are 
hours  before  and  after  high  and  low  tide  at 
Nantucket  Shoals  Lightship.  The  beai*&g  and 
length  of  each  arrow  represents  the  hourly 
direction  and  speed  of  the.current,# 


/l*KIal  currents  are^ctossifiedassemidkirilal, 
diurnal/or  $ixed,  cor  res  ponding  to  a  considerable 
degree  to  ttfe  type  of  ttde  at  the  place,  but  often 
with  a  stronger  semidiurnal  tendency.  r 

The  tidal  currents  in  tidal  estuaries  aiqng 
the  Atlantic  coast  of  -the  United  States  are 
examples  ofthesemidiurnaltypeof  revferaingcur- 
rent;  At  Mobile  Bay  entrance,.  th§y  are  almcfct 


purely  diurnal.  At  most  places,  ^however,  the 
type  is  mixed  a  greater  or  lesser  degree,  At  the 
Tampa  and  Galveston  entrances,  there  is  only 
one^  flood  and  one  ebb  each  day  when  the  moon 
is  near  its  maximum  declination,  and  two  floods 
and  two  ebbs  each  day  when  the  moon  is  hear 
the  equator.  Along  the  Pacific  coast  of  the  United 
States,  there  Aft  genptaly  two  flopds.and  two 
ebbs  every,  d^  but  Vq4  of  the  floods  or  ebbs 
has  a^greater  speed  and Ipnger  duration  than  the 
ojKer,  the  inequality  vary^£^h  the  declination 
of  the  moon.  The  inequalities  inJthe  current  often 
differ  Considerably  from  place  to  place  even 
within  limited  areas,  such  as  adjacent  passages 
in  Puget  Sound  and  various  passages  between 
the  "Aleutian  Island*.  Figure  64  shows  several 
types  of  reversing  current.  Figure  65  shows  how 
the  flood  disappears  as  the  diurnal  inequality 
increases  at  one  statiori. 
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Figure  64.  — Several  types  of  reversing  currents. 
The  pattern  changes  ^gradually  fropi  day  to  day, 
particularly  for  mixed  types,  whibhpass  through 
cycles  somewhat  similar  to  those  shown  for  tides 
in*  figure  59.  . 

In  a  purely  semidiurnal*  type  of  current 
affected  by  nontidal  flow,  the  flood  and  ebb*« 
each  last  about  six  hours  and  13  minutes.  But  ' 
if  there 'is  either  diurnal  inequality  or  nontidal 
flow,  the  durations  of  flood  and  ebb  may  be  quite 
unequal. 


Figure  65.— Changes  in  a  current  of  the  mixed 
type.  Note  that  each  day  as  the  inequality^creases/./ 
.  the  morning  slacks  draw  together  in.  time  until  on  & 
the  17th  the  morning  flood  disappears.  On  ,that 
day  the  current  ebbs,  throughout  the  morning!* 

.  •  Offshore  rotary  currents  that  are  purely 
semidiurnal  repeat  th'e  elliptical  pattern  (figuro  63) 
each  tidal  cycle  of  12  hours  and  25  minutes.  If 
there  is  considerable  diurnal*  inequality,  the 
plotted  hourly  current  arrows  describe  a  set  of 
two  ellipses  of  different  .sizes  during  a  period  of 
24  hours  and  50  minutes,  as  shown  in  figure  66,  * 
and  the  greater  the  diurnal  inequality,  the  greater 
the  difference  between  the  4izes  of  the  two  ellipses. 
In  a  completely  diurnal  rotary  current,  the  smaller 
ellipse  disappears  and  only  one  ellipse  is  produced 
in  24  hours  and  50  minutes. 
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Figure  ^66.  — Rotary  tidal  current  with  diurnal 
inequality;   Times   are   in  hours   referred  to 
tides  ^higher,  high,  lower  low,  lower  high,  and, 
higher 4ow)  at  Swiftsure  Bank  Lightship. 

Tidal  currents^aye  periods  and  cycles  Simi- 
lar to  Uhose  of  the  Tides,  and  'are  subject  to 
similar  variations,  but  flbo^i  and  ebb  of  the 
rent  do  'not  necessarily  ocfcuf  at  th§ 
as  the  rise  and  fall  of  the  tide. 


The  speed  at  strength  increase 
with,  the  variational  range  of  tide  duri 
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monthly,  and  annual  cycles.  The  strong  currents, 
Spring  and  perigean,  occur  near  the  times  of  new 
and  full  moon  and  near  tKe  times  of  the  moon's 
parigee,  respectively,  or  at  times  of  spring 
anc  perigean  tides,  respectively.  The  weaker 
currents,  the  neap  and  apogean,  occur  at  the 
times  of.  neap  and  apogean  tides,  respectively. 

i-  .  As'  with 'tides,  a.  mean  value  represents  an 
average  obtained  from  a  19-year  series.  Since 
a  series  of  current/obeeryations  is  usually  limited 
to  a  day  or  two  and  seldom  covers  more  than 
a  month  or  two,  it  is  necessary  to  adjust  the  ob- 
served values,  usually  by  comparison  with*tides 
at  a  nearby  place,  .to  otitain  such  a  mean. 

As  you  have  already  learned,  a  current 
existing  at  any  time^  is  seldom  purely  tidal; 
it  usually  includes  a  nontidal  current  ttyat  is.  due 
to  drainage,  oceanic  circulation,  wind,  or  another 
cause.  The  method  in  which  tidal  and  nontidal 
currents  combine  is  best  explained  graphically, 
as  in  figures  67  and  B8.  The  pattern  of  the  tidal 
current  remains  unchanged,  but  the  curve  is  shifted 
from  the  point  or  line  from  wbich  the  currents 
are  measured  in  the  direction  of  the  nontida^ 
"current  and  by  an  amount  equal  to  it.  It  is 
sometimes  more  convenienrygraphically  merely 
to  move  the  line  or  point  of  orrgwtxin  the  opposite 
direction. 
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Figure  67.— Effect  of  nontidal  current  on  the  ro- 
tary tidal  current  of  figure  63.  If  the  nontidal 
current  is  northwest  at  0.3  knot, /it  may  be 
represented  by  BO,  ancf  all  hourly  directions 
and  speeds  will  then  be  measured  from  B.  If  it,  is 
1.0  knot,  it  will  be  represented  by  AOand  the  ac- 
tual  resultant  hourly  directions  andspe6ds.wilttne 
measured  from  Ap  as  shown  tby  the  arrows. 

Thus,  the  speed  of  the  current  flowing  in  the 
direction  of  the  nontidal  current  is  increased  by 
an  amount  equal  .to  the  'magnitude  of  the  non- 
tidal current,  and  the  speed  of  the  current  flowing 


Figure'  68.— Eifect  of  nontidal  current  on  the 
reversing  tidal  current  of  figure  61.  If  the  nontidal 
current  is  O.o  knot  in  the  ebb  direction,  the 
ebb  is  increased  by  moving  the  slack  water  line 
from  position  A  up  0.5  knot  to  position  B.  Speeds 
will  then  be  measured  from*  this  broken  line  as 
shown  by  the  scale* on  the  right,  and  times  of 
slack  are  changed.  If  the  nontidal  current  is 
1.0  knot-in  the  ebb  direction,  as  shown  by  line 
C,  the  speeds  are  as*shown  on  the  left  and  the 
current  will  not  reverse  to  a  flood  In  the  after- 
noon;  it   will   merely ,  slacken  at  about  1500. 

in  the  opposite  direction  is  decreased  by#  in 
equal  amount.  In  figure  67  a  nontidal  current  is 
represented  both  in  direction  and  speed  by  the 
vector  AO.  Since  this  is  greater  than  the  speed 
of  the  tidal  current  in  the  opposite  direction, 
point  A  is  outside  the  ellipse.  The  direction 
and  speed  of  the  combined  tidal  and  nontidal 
currents  at  any  time  is  represented  by  a  vector 
from  A  to  that  point  on  the  curve  representing 
the  given  time,  and  can  be  scaled  from  the 
graph.  The  strongest  and  weakest  currents  may 
no  longer  be  in  the  directions  of  the  maximum 
and  minimum  of  the  tidal  current. 

In  a  reversing  current  (figure  68),  the  eifect 
is  to  advance  the  time  of  one  slack  and  to  retard 
the  following  one.  If  the  speed  of  the  nonticial  cur- 
rent exceeds  that  of  the  reversing  tidal  current, 
the  resultant  current  flows  continuously  in  one 
direction  without  coming  to  a  slack.  In  this 
ca$e,  the  spee£  varies  from  a  maximum  to  a 
minimum  and  fiack  to  a  maximum  in  each  tidal 
cycle. 

In  figure  68  the  horizontal  line*A  represents' 
slack  water  if  only  tidal  currents  are  present. 
Line  B  represents  the  effect  of  a  0.5-knot  non- 
tidal ebb,  and  line  C,  the  effect  of  a  1.0-Knot 
nontidal  ebb.  With*  the  conditions  shown  at  C, 
there  is  only  one  flood  each  tidal  day.  If  the  non- 
tidal ebb  were  to  increase  to  approximately  two 
knots,  there  ^would  be  no  flood,  two  maximum 


76 


ebbs;  and  two  minimum  ebbs  occurring  during 
a  tidal  day. 

As  vwe  have  already  suggested,  at  many 
places  where  current  and  tide  are  both  semi- 
diurnal, there  is  a  definite  relation  between 
times  of  current  and  times  of  higjf  and  low 
water  in  the  locality.  Current  atlases  and  notes 
on  nautical  charts  often,  make  use  of  this  rela- 
tionship by  presenting  for  particular  locations 
the  direction  and  speed  of  the  ctfrrenjt  at  each 
succeeding  hour  after  high  and  low  "water  at  a., 
place  for  which  tide  predictions  are  available. 

In  localities  where  there  is  considerable  di- 
urnal inequality  in  tide  or  current,  or  where/" 
the   type  of  current  differs  from  the  type  of 
tide,   the   relationship  is  not  constant,  and  it 
may  be  hazardous  to  try  to  predict  the  times  of  . 
current  from  times  of  tide.  Note  the  current 
curve   for   Unimak   Pass   in  the  Aleutians  in 
figure  64.  It  shows  the  current  as  predicted  in 
the  Tidal  Current  Tables.  Predictions  of  high 
and  low  waters  in  the  Tide  Tables  might  have,, 
ied  one  to  expect  the  current  to  change  from' 
flood  to  ebb  in  late  morning,  whereas  actually 
the  current  continued  to  run  flood  with  some 
strength  at  that  time. 

Since  the  relationship  between  times  of  tidalj^ 
current  and  tide  is  not  everywhere .  the  .same 
and  may  be  variable  at  the  same  place,  one 
should  exercise  extreme  caution'in  using  gen-  ,v 
eral  rules.  The  belief  that  slacks  voccur  at  local 
high  and  low  tides  and  that  the  maximum-  flood 
and^  ebb  occur  when  the  tide  is  rising  or  fall- 
ing "most  jrapidly  may  be  approximately  true  at 
the  seaward  entrance  to,  and  in  the  upper  reaches 
of.   an   inland  tidal  waterway.     But  generally 
this  is  not  true  in  other  parts  of  inland  waterways.^ 
When  an  inland  waterway  is  extensive  or  .its 
entrance  ^constricted,  the  Slacks  in  some  parts 
of  the  Vaterway"  often  occur  midway  between  the 
times   of  high  and  low  tide.   Usually  in  such 
waterways  the  relationship  changes  from  place 
to  place  as  one  progresses  upstream,  slack  water 
getting  progressively  later  with  respect  to  the 
lpCVl  tide  until  at  the  head  of  tidewater  (the 
inland  Umit  of  water  affected  by  sl  tide)  the  slacks 
occurat  the  timfes  of  high  and  }oW  tide. 

The  variation  in  the  speed  of  the  tidal  cur- 
rent from  place  to  place  is  not  necessarily  con- 
sistent with  the  range  of  tide.  It  may  be  the 
^reverse.    For  example,  currents  are  weak  in 


the  Gulf  of  Maine  where  the  tides  are  large, 
and  strong  near  Nantucket  Island  and  in  Nan- 
tucket Sound  where  the  tides  are  small. 

At  any  one  place,  however,  the  speed  "of  the 
current  at  strength  of  flood  and  ebb  varies  dur- 
ing the  month  in  about  the  same  proportion  as 
the  range  of  tide,  and  one  can  use  this  relationship 
to  determine  the  relative  strength  of  currents 
on  any  day. 

In  inland  tidal  waterways,  the  time  of  tidal 
current  varies  across  the  channel  from  shore  to 
shore.  On  the  average,  the  current  turns  earlier 
near  shore  than  in  midstream;  where  the  speed 
is  greater^Differences  of  half  an  hour  to  an 
hour  are  not  uncommon,  but  the  difference  va- 
ries and  the  relationship  may  be  nullified  by 
the  effect  of  nontidal-  flow. 

The  speed,  of  the  current  also  varies  across 
the  channel,  usually  being  greater  in  midstream 
or  midchannel  'than  near  shore,  but  in  a  wind- 
ing river  or  channel  the  strongest  currents  occur 
near  the  concave  shore.  Near  the  opposite  (con- 
vex) shore,  the  currents  are  weak  or  may  eddy. 

In  tidal  rivers  the  subsurface  current  acting 
on  the  lower  portion  of  the  hull  may  differ 
considerably  from  the  surface  currertt.  An  ap- 
preciable' subsurface  current  may  be  present 
when  the  surface  movement  appears  to  be  prac- 
tically slack,  and  the  subsurface  current  may 
even  be  flowing  with1  appreciable  speed  in  the 
opposite  direction  to  the  surface  current. 

t  In  a  tidal  estuary,  particularly  in  the  lover 
reaches  where  there  is  a  considerable  difference 
\in  density  from  top  to  bottom,  flood  usually  be- 
gins earlier  near  the  bottom  than  at  the  surface. 
The  difference  may'  be  an  hour -or  two  or  as 
little  as  a  few  minutes,  -depending  upon  the 
estuary,  the  location*  in  the  estuary,  and  freshet 
conditions.  Even  w/ien  the  fresh  water  runoff 
becomes  so  great  as  to  prevent  the  surface  cur- 
rent from  flooding,  it  may  still  flood  below  the 
surface.  The  difference  in  time  of  ebb  from 
surface  to  bottom  is  normally  small  but  subject 
to  variation  with  time  and'location. 


The  ebb  speed  at  strength  usually  decreases 
gradually  from  top  to  bottom,  but  the  speed* of 
flood  at  strength  often  is  stronger  at  ^ubsurtace 
depths  than  at  the  surface.  . 


\ 

Observations:  "Observations  of  a  tidal  current 
are  made  by  means  of  either  a  current  meter  Or 
a  curreht  pole,  and  I6g  line.  4In  th$  pas£,  most 
successful  meters  required  a  vessel  an^obsefifcrs, 
in  continual  attendance,  as  is  necessary  irith  the , 
pole  and  line.   Because  of.  the*  difficulty  and1 
expense  ^f  such  observations,  they  usually  covered 
only  a  period  of  a  day  or  two  at  a  place*  Observa- 
tions of  a  month- weretfhe  exception,  and  longer  * 
merles  -were  obtained  'Only  where  ship  and  ob- 
server^  were  available  because  of  other  duties, 
such  as  at  Ughfcshlps,  where  observations  have 
been  continued  over  a  number  of  years, 

Newer  meters  which  have  been  or  are  being 
developed  are  suspended  from  a  buoy  and  record 
either  in  the  Jbuoy  or  send  spsed  and  direction 
impulses  by  radio  to  a  base  station  on  ship  or 
lane.  With  them,  the  period  of  observation  has 
been  increased  so  that  in  some  sutveys  of  United 
States  harbors ,  the  minimum  period  of  observation 
is  ^oxir  days,  with  observations  at  several  stations 
being  continued  over  a  period  of  15  to  29  days. 

Tidal  Current  Tables  andCharts:  Predictions 
of  tidal  currents  must  be  based  on  specific  in- 
formation for  the  locality  in  question.Such  infor- 
mation is  contained  in  various  forms  in  many 

navigational  publications. 

ti 

«  Tidal  Current  Tables,  issued  annually,  list 
daily  predictions  o.f,  the  times  and  strengths  of 
Hood  and  ebb  currents  anfc  the  times  df  in- 
tervening slacks.  Due  to  lack  6f  observational 
data,  coverage  is  considerably  *  more  limited 
tftan  for  the  tides.  The  Tid&l  Current  Tables  do 
include  supplemental  data  by  which  tidal  cur- 
rent predictions'' can  be  determined  for  many 
places  in  addition  fo  those  for  which  daily  pre- 
dictions are  given.  The  predictions  are  made 
by  the  tide-predicting  machine,  using  current 
Jiarmonic  constants  that  are  obtained  by  ana- 
lyzing current  observations  in  the  same  manner 
as  for  tides. 

Tidal  Current  Tables  are  somewhat  similar  to 
Tide  Tables,  but  the  coverage  is  less  extensive, 
being  given  in  two  volumes— one  tor  me  Rafcific 
and  one  for  the  Atlantic.  The  volume  for  the 
Pacific  contains  four  tables;  the  volume  for  the 
Atlantic,  five  tables.  Of  thefollowingdescriptions 


4 


■  i 

% 

of  each  of  the  Tidal  Current  Tables,  those  for 
Tables  1  through  4  apply  to  both  the  Atlantic 
and  the  Pacific  and  the  description  of  Table  5 
applies  only  to  the  Atlantic. 

Table  1  contains  a -complete  list  of  predicted  , 
times  of  maximum  currents t  and  sla^  ahd. the 
velocity  of  the  maximum  currents,  fdfr  rtganber 
of  reference  stations.  ,  "    '  -  , 

Table  2   gives  differences,  ratios;  and  other 
information  related  to  a  relatively  large  number 
i  of  subordinate  stations. 

Table  3  provides  information  for  use  in  fPnding 
the  speed  of  the k  current  at  any  time  between 
tabulated  entries  in  Tables  1  and  2.  ^ 

Table  4  gives  the  number  of  minutes  the  current^ 
does  'not  exceed  stated  amounts,  for  variqus' 
maximum  speeds.     -  *  , 

Table  5  (Atlantic  Coast  of  North  America  only) 
gives  information  on  i^tary  tidal  currents.  0 

It  must  be  noted  that  the  content  of  these 
tables  is  not  limited  to 'only  the  data  mentioned 
above,  Each  table  contains  additional,  useful  in- 
formation related  to  currents. 

Sets, of  tidal  current  charts,  each  containing 
12  charts,  are  published., by  the  National  Oceanic 
and  Atmospheric  Administration  of  the  Depart- 

*  ment  of  Commerce.  These  charts  are  printed 
in  color  and  show,  by  use  of  arrows  v$nd  num- 
bed, the  direction  and  velocity  of  tjie  tidal 
currents  for  each  hour  of  the  tidal  cycle.  The 
charts,  good  for  afty  year,  present  a  compre- 
hensive view  of  the  tidal  current  movement  in 
thfe  respective  waterways  as  a  whole,  and  also 
supply  a  means  for  readily  ascertaining  the  di- 
rection and  velocity  of  the  current  at  various 
localities  throughout  the  area  covered,  at  any 
time, 

*  «These  charts  are  available  for  the  following 
locations:  San  Francisco  £ay,  Narragansett  Bay 
to  Nantucket  Sound, \Long  Island  Sound,  Block 
Island  Sound,  ,New  'York,  Harbor  and  Boston 
Harbor,  Delaware. Bay  and  Rfver,  Tampa  Bay, 
and  Puget  Sound— northern  §tnd  southern  parts. 
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FUNDAMENTALS  OF  METEOROLOGY 


An  understanding  of  meteorology  necessi- 
tates an  understanding  of  some  mathematics  and 
physics.  However,  it  is  often  difficult  to- sepa- 
rate the  physical  aspects  of  meteorqlogy  into 
pure  physics.  Therefore,  some  physical  aspects 
of  meteorology  are  treated  as  part  of  meteor- 
ological explanations.  In  other  cases  the  pure 
m  physics  is  self-evident. 

The  treatment  of  meteorology  m  this  course 
^progresses  from  the  overall  governing  funda- 
mentals of  meteorology  in  this  section  to  1 
thorough  description  of  meteorological  elements 
in  Section  2.  Sections  3  through  5  consider  the 
meat  of  the  study  of  meteorology;  atmospheric 
circulation;  fronts;  air  masses;  and  weather 
phenomena,  such  as  thunderstorms,  tornadoes, 
and  hurricanes. 

HISTORY  OF  METEOROLOGY 

Perhaps  one  of  the  best  ways  for  a  Marine 
Science  Technician  ~to  launch  into  a  study  of  a 
major  science  such  as  meteorology  is  to  review 
a  little  of  its  history.  Learning  how  meteor- 
ological concepts  evolved  through  the  centuries 
>allowts  you  to  gain  appreciation  of  the  problemsr* 
which  meteorologists  faced  in  the  past: 

Combining  the  observed  fact*  with  the  known 
laws  of  physics  and  chemistry,  weather  experts 
have  developed  the  science  referred  to  as  ME- 
TEOROLOGY. , Meteorology  is  defined  as  the 
science,  or  branch  of  physics,  treating  of  the 
atmosphere  antf  its  phenomena,  especially  of  its 
variations  of  h^itj  pressure,  moisture,  and  winds. 
Previously  jjou-may  have- heard  "meteorology" 
referred  to  ats  ^aerology,"  buf  with  the  tech-  ' 
nical  advance^  in,  the  science  of  weather,  the 
all- encompassing  Vord  ^'meteorology**'  is  now 
officially  dsed.    ^  » 

*         *  * 

Though  , meteorology  Ms  young,  in  develop- 
ment,  it   is  old  in  history  and  'dates  back  te 
the  pre-Christian  era.  In  writing  the  history  of* 
meteorology,   it   is   difficult  to  'give  comptete  ' 


•coverage  because  of  its  close  relationship  to 
other  sciences,  such  as  mathematics,  physics, 
and  astronomy.  y 

At  the  beginning  man  undoubtedly  took  notice 
only  of  spectacular  weather  phenomena.  As  he 
progressed  intellectually,  he  ascribed  weather 
phenomena  to  the  manifestations  of  the  gods. 
In  pre-Biblical  times,  weather  proverbs  were 
formulated  and  passed  on  from  generation  to 
generation,  it  is  known  that  wind  vanes  were 
in  use  in  Greecg  around  100  B.C.    As  early  as 
400  B.C.,  ancient  Greek  scholars  wrote  treatises 
on  meteorology  and  related  subjects.  Two  of 
these  were  Hippocrates  and  Aristotle.  Hippoc- 
rates wrote  his  first  book  showing  the  influ- 
ences of  weather  on  the  medical  well-being  of 
man.  Aristotle  collected  material  on  meteor- 
ology and  put  it  into  his  Meteorologlca,  recog- 
nized until  recent  times   as  an  authoritative 
treatise  on  weather.  Also  during  this  period, 
rainfall  measurements,  were  made  in  India,  where  • 
the  amount  of  rainfall  .was  of  particular  interest 
in  agriculture.  * 

Theophrastus,  a  student  o'f  Aristotle,  com- 
piled the  Book  of  Signs,  which  congistecj  of 
numerous  signs  for  rain,  winds,  storms,  and 
fair  weather.  Virgil,  the  Roman,  mkde  a  similar 
compilation  in  his  Georgics.  Erasmus  Darwin, 
the  grandfather  of  Charles  Darwin,  put  into 
verse  form  similar. signs  for  weather.  Much'of 
the  folklore  and  proverbs .  concerning  weather 
have  thus  been  preserved  through  the  ages.  Many 
of  these  rules  or  signs  were  remarkably  re- 
liable? some  of  th$m  were.pure  superstition. 
All  of  them  ^poiHfc4Q  man's  concern  about  °tne 
'weather  and  his  attempts  to  study  it  and  foretell 
it.  « 

„  Very  little -progress  was  made  in  meteor- 
ology as  a  science  during  the  Dark  Ages.  Meteor-  ~~ 
ology  awaited  progress  in  mathematics  and 
physics  for-theoretical  advances  and  progress  in 
technology  for  advances  in  instrumentation.  With- 
out instruments  to  measure  the  atmospheric 
elements,  meteorology  was  lifeless..  ' 


The  Renaissance  marked  the  beginning  of 
,  rapid  development  in  meteorology.  This  devel- 
opment in  meteorology  occurred  in  conjunction 
with  the  developments  in  physics  and  mathe- 
matics. At  the  time  there  were  few  meteor- 
ologists-as  such.  Instead,  there  were*  mostly 
philosphers,  mathematicians,  or  physicists  who 
made  discoveries  and  inventions  with  meteor- 
ological application.  Francis  Bacon  introduced 
the  scientific  method  to  the  study  of  meteorology. 
Galileo  invented  the  air  thermometer.  Torricelll 
invented  the  barometer  and  discovered  the  true 
nature  of  t atmospheric  pressure.  Hooke  con- 
structed an  anemometer  and  other  instruments 
of  meteorological  significance.,  Edmund  Halley 
made  surveys  of  heating  on  the  earth  and  corre- 
lated them  to  the  general  circulation.  Boyle 
and  Dalton  experimented  with  gases  and  formu- 
lated their  famous  laws.  - 


Following  this  period,  steady  improvement 
in  instruments  was  achlevetj.  By  the  middle  of 
the  eighteenth  to  the  middle  of  the  nineteenth 
century  the  theoretical  foundations  of  the  atmo- 
spheric processes  were -laid.  It  was  during  this 
period  that  the  first  organizecf  network  of  meteor- 
ological stations  was  set  up.  This  brought  about 
the  first  attempts  at  constructing  synoptic  charts.  m~ 
The  Frencfi.  astronomer  Le  Verrier  established' 
the  usefulness  of  synoptic  charts  when  he  was 
commissioned  by  Napoleon  III  to  trace  the  his- 
tory of  a  destructive  storm  that  had  caused 
serious  damage  to  the  French  fleet  in  the  Black. 
Sea. 

The  most  important  achievements  in  modern 
weather  forecasting  have  been  made  since  1918v 
when  V.  Bjerfcnes,  a  Norwegian  meteorologfst, 
and  his  associates  developed  the  polar  front 
and  wave  theory  of  cyclones. '  These  develop- 
ments led  to  the  air-mass  and  frontal  methods 
of  .weather  forecasting  v/hipK  "have  become"  a-* 
basic  tool  4n  present-day  forecasting.  The  use 
of  radio  equipment  for  upper  air  sounding  has 
provided  useful  information  for  3-dimensional  ' 
analysis  of  the  atmosphere,   A  very  fruitful 
period  in  the  history  of  meteorology  was  be- 
tween World  War  I  and  World  War  II.  Some  of 
the  Important  discoveries  and  developments  were 
as  follows:    %        .  / ^ 

1.  Polar  front. 

2.  .Wave  theory  bf  cyclones. 


3.  t  Air-mass  and  frontal  methods  of  fore- 
casting by  V.  Bjerknes. 

4.  *  Theories  on  convection,  condensation, 
and  precipitation  processes.  r 

5.  Improved  techniques  of  surface  and  upper 
air  observations.  > 

S%  Reporting  networks  established  and  ex- 
panded.^ 

7.  Accuracy  in  24-  to  36-hour  forecasts 
improved. 

•    8*    Experiments  In  long-range  forecasting. 

During  and  since  World  War  II  many  of 
,  the  developments  have  been  In  the  field  of 
electronic  means  for  obtaining  meteorological 
data.  Some  of  the  equipment  includes  the  follow- 
ing: 

1.  Transmissometer  Set,  AN/GMQ-10. 

2.  Cloud  Height  Set,  AN/GMQ-13. 

3.  -  Aerograph  Sets,  AN/AMQ-17  and  -18. 

4.  Rawin  Set,  AN/GMD-1A,  and  GMD-2. 

5.  Radar  Sets,  AN/FPS-41,  -68 -and  -81. 

6.  Weather  satellites.-  The  TIROS  program 
has  proven  highly  successful  for  satellite  weather 
data  collection  during  the  past  few  years.  The 
need  for  a  continuous  daily  full-earth  coverage 
Is  provided  by  TOS  (TIROS  Operational  Satellite)/ 

The  major  postwar  advance  in  .theoretical  t 
and  practical  meteorology  is  the  application  of 
electronic  computers  in.  numerical  weather  fore- 1 
casting.  In  addition,  thorough  studies  are  being  j 
made  of  thunderstorms  and  tropical  cyclones 
(hurricanes  and  typhoons)  and  have  already  re* 
suited  in  better  methods  of  forecasting^  these 
phenomena.  Improved  methods*  for  forecasting 
tornado  cqndltlons  have  arlso  been  developed. 
Theories  concerned  with  the   development  of 
'  wave  cyclones  have  been  refined  as  a  result . 
of  the  availability  and  utilization  of  upper  air 
data. 

The  foregoing  treatment  of  the.  history  of 
meteorology  was  *  necessarily  brief.  However, 
it  should  have  been  sufficient  to  showvthat  gJ^at", 
strides  have  beea  and  . are  still- being  made  in 
meteorological  science/'  ,  These  advances  are 
treated  in  detail  in  later  chapters. 


EARTH-SUN  RELATIONSHIP      >  - 

The  earth  is  a  part  of  the  solar  system. 
Uthough  the  system  has  many  components,  we 
are  primarily  interested  in  only  the  earth  and 
thf-  sun.  In  this  section,  we  will  consider  the 
•■fft-el  the  sun  has  upon  the  earth. 

SUN 

» 

Thc^sun  may  be  regarded  as  the  only  source 
of  neat  energy  that  is  supplied  to  the  earth's 
surface  and  the  atmosphere.  The  cause  of  all 
weather  and  motions  in  the  atmosphere  may, 
therefore,  be  found  in  the  energy  radiated  from 
the  sun. 

The  sun,  with  a  surface  temperature  of  about 
6,000-  O.  (10,300*  F.),  radiates  electromagnetic 
energy  m  all  directions.  The  earth  intercepts 
about  one  t\\6-billionths  of  this  energy.  Most 
of  the  electromagnetic  energy  radiated  by  the 
^un  is  in  the  iorm  of  light  waves.  Only  a  tiny 
fraction  is  in  the  form  of  heat  waves.  Even  so, 
better  than  99.9  percent  of  the  "earth's  heat  is 
derived  from  the  sun.  Radiant  energy  is  the 
prime  contribution  by  the  sun. 

EARTH  . 

<H  the  nine  planets  of'our  solar  system,  the 
earth  is  third  m  distance  from  the  sun.  Its 
maximum  distance  from  the  sun  is  94  million 
miles  in  Summer  and  its  minimum  distance 
from  the  sun  is  91  million  miles  in  winter.  It- 
has  an  atmosphere  more  than  600  miles  thick. 

MOT'IONS  OF  THE  EARTH  1 

the  earth  is  subject  to  four  motions:  rotation 
of  the  earth  about  its  axis,  revolution  of  the  earth  * 

round  the  Sun,  precessional  motion,  and  solar 
motion.  Only  two  of  these  motions  are  of  any 
importance*  to  meteorology:  the  earth's  rotation- 
about  its  axis  and  its  revolution  around  the  sun. 
„< 

The  ^rth  rotates  on  its  axis  once  in  24  hours, 
and  one-half  of  the  earth's  surface  is  therefore 
tacing  the-  sun  at  a!L  times.  Thefiside  fafci'ng  the 
sun  is  experiencing' daylight  and  .the  side  facing  ' 
away,  from  the  sun  is  experiencing  darkness,  f 
*vhich  account  for  our  day  and  jiigltf.  Rotation 
about  its  axis  takes  place  in  an  eastward  direc- 
tion. Thus,  the  sun  rises  in  the  east  and  sets 
in  thtfruest,  as  illustrated  in  figure  1; 


The  second  motion  of  the  earth  is  its  revo- 
lution around  the  sun.  The  revolution  around 
the  sun  and  the  tilt  of  the  earth  on  its  axis  are 
responsible  for  our 'seasons.  The  earth  makes 
one  complete  revolution  around  the  sun  in  approx- 
imately 365  1/4  days.  The  earth's  axis  is  at  an 
angle  of  23  1/2°  to  its  plane  of  rotation.  The 
earth  points  in  a  nearly  fixed  direction  in  space 
toward  the  North  Star'  (Polaris)  at  all. times. 
This  tilt  of  the  earth  has  major  consequences, 
as  you  will  see  by-examining  figure  2. 

When  the  earth  is  to  the  left  of  the  sun  as 
shown  for  June  in  figure  2,  the  Northern  Hemi- 
sphere is  inclined  23  1/2"  TOWARD  the  son. 
This  inclination  results  in  more  of  the^Sun's 
rays  reaching  the  Northern  Hemisphere  than 
the  Southern  Hemisphere.  On  or  about  June  22, 
the  sun  shines  OVER  the  North  Pole  down  the 
other  ,  side  to  latitude  66  1/2°  N.  (the  ARCTIC 
CIRCLE),  and  the  most  perpendicular.rays  of  the 
sun  are  received  at  23  1/2°  N.  lat.  (  the  TROPIC 
OF  CANCER).  The  Southern  Hemisphere  is  ti:ted 
AWAY  from  the  sun  at  this  time,  and  the  sun's 
rays  reach  only  to  66  1/2° S.  lat.  (the  ANTARCTIC 
CIRCLE)  and  do  not  go  beyond  this  latitude. 
The  area  between  the  Antarctic  Circle  and  the" 
South  Pole  is  'in  darkness;^  the  area  between 
the  Arctic  Circle  and  the  North  Pole  is  receiv-  t 
ing  the  sun's  rays  for  24  hours  each  day.  Note  ' 
carefully  the^.  shaded  and  unshaded  area  of  the 
earth  in  figure  2^for  all  four  positions. 

At  the  equinoxes  in  M Arch  and  September, 
-  th„e^  tHt  of„the  earth's  axis  is  neither  toward 
nor  away  : from  the  sun.  For  this  reason,  the 
earth  receives  equal  numbers  df  the  sun's  rays 
in  both  the  Northern  Hemisphere  and  the  South- 
ern Hemisphere  and  tlie  sun's  rays  shine  most 
.  perpendicularly  at  the  .Equator.- 

In  December,  the  situation  is  exactly  re-v 
versed  figm  that  in  June,  The  Southern  Hemi- 
sphere now  receives  more  of  _th%  sun's  rays. 
The  .most  >  perpendicular  rays  of  the  sun -are 
-received  a.t  23  1/2°  S.Mat,  (the  TROPIC.  OF 
CAPRICORN).  "The  south  polar-area  is  completely 
in  .sunshine,  and  the  yiorth  polar  area  is  com- 
pletely in  darkness.  •  ■  '  * 

^Since^the  revolution  of  the  earth  around 
;the  ^un  is  a  gradual  process,  the  changes  in 
•the  area  receiving  the  sun's  frays  are  gradual 

and  the  changes  in  season^  are  also  graaual. 

However,   it   is   customary   and  convenient  to* 
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Figure  1.—  Rotation  of  the  earth  about  its  axis  (during  equinoxes). 


mark  these  changes  by  specific  dates  and  to 
identify  them  by  specific  names.  These  dates 
are  as  follows: 

/  1,     March  21.-  The  VERNAL  EQUINOX, 
wh>aiu  the  earth's  axis  Is  perpendicular  to  the . 
sun's  rays.  Spring  begins  in  the  Northern  Hemi- 
sphere and  fall  begins  in  the^outhern  Hemisphere, 

2.  June  21.-  The  SUMMER  SOLSTICE, 
when  the  earth's  axis  isMnclined  23  1/2*  toward 
the  sun  and  the-  sun  has  reached  Its-  northern- 
most zemVth  at  the  Tropic  of  Cancer.  Summer 
officially  ebmmena§s,  in  the  Northern  Hemisphere 
and  .winter- bregtns  in  the^Southern  Hemisphere.  . 

3.  September  227-  TteADTUMNAL  EQUI- 
NOX, when  the  earth's  axra  is  "again  perpen- 
diQular  tQ  %he  sun's  rays.  This  date  marks  the 
beginning  of  fall  In  the  Northern  Hemisphere 
and  spring  the  Southern  Hemisphere.  It  is 
also  the  date,  along  with  March  21?  when  the  sun 
reaches  its  highest  position  (zenith)  directly 
bver  the  Equator. 


4,  December  22.-  The  WINTER  SOLSTICE, 
when  the  sun  has  reached  its  southernmost  zenith 
position  at  the  Tropic  of  Capricorn,  It  marks 
the  beginning  of  winter  in  the  Northern  Hemi- 
sphere and  the  beginning  of  summer  in  the 
Southern  Hemisphere.  % 

"  •  In  some  years  the  actual  dates  of  the  solstices 
and  the  equinoxes  va^ry  by  a  day  from  the  dates 
given  here  because  the  period  of  revolution  is 
365  i/A  days  and  the  calendar  year  is  365  days, 
except  Vor  jeap  year  when  it  is  366  days. 

Because  of  its  23  l*/2#  tilt  and  Its  revolution 
arounS  the  sun,  the  earth  is  thus  marked  by 
five  natural  light  (or  heat)  zones  according  to  the 
zone's  relative  position  to  the  sun's  rays'.  Since 
the  sun  is*  ALWAYS  at  its  zenith  between  the 
Tropic  of  Cancer  and  the  Tropic  of  Capricorn, 
this  Is,  the  hottest  zone.  It  is  called  the  Equa-  _^ 
torlal  Zone,  the  Torrid  Zone,  the  Tropical  Zone, 
or  simply  the  Tropics. 

The  zone,s  between  the  Tropic  of  Cancer 
and  the  Arctic  Circle  and  between  the  Tropic 
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Figure  2.-  Revolution  of  the  earth  around  the  sun. 


of  Capricorn  jind  the  Antarctic  Circle  are  the 
Temperate  Zones.  These  zones  receive  sunshine 
all  year,  but  less  of  it  in  their  respective  winter 
and  more  of  it  in  thetr  respective  summer. 

The  zones  between  the  Arctic  Circle  and  the 
North  Pole  and  between  the  Antarctic  Circle  and 
the  South  Pole  receive  the  sun's  rays  only  for 
parts  of  the  year.  (Directly  at  the  poles  there 
are  6  months  of  darkness  and  6  months  of 
sunshine.)  This,  natunflly,  makes  them  the  cold- 
est zones.  They  are  therefore  known  as  the 
Frigid  or  Polar  Zones. 

SOLAR  RADIATION,  ^ 

Previously  you  have  studied  the  motions 
of  the  earth  in  relationship  to  the  sun  and 
•particularly-  in  relation- to  the  sun's  rays.  Now 
ybu  will  explore  what  the  sun's  rays  are  and 
what  effect  they  have  on  the  weather. 

All  substances  radiate  electromagnetic 
energy.  This  type  of  energy  radiated,  is  primarily 

V 


dependent  on  the  temperature  of  the  substance.  & 
The  higher  the  temperature, -the  greater  the 
radiation  intensity  and  variety  of  wavelengths. 

Solar  radiation  is  defined  as  the  total  elec- 
tromagnetic energy  emitted  by  the  sun.  The 
sun's  6000°  C,  surface  emits  gamma  rays, 
X-rays,  ultraviolet,  visible  light,  infrared,  heat, 
and  electric  waves.  Even  though  the  sun  radiates 
in  all  wavelengths,  about  half  of  the  radiation  is 
^ibjfi  light  with  most  of  the  remainder  being 

The  earth  receives  the  sun's  SHORT  WAVE 
.radiation,  converts  it  to  LONG  WAVE  radiation, 
and  reradiates  it  out  to  space.  This  process  is - 
known  as  MOLECULAR  STIMULATION,  A  meas-:  * 
*ure  of  molecular  activity  is  temperature.  There-  . 
fore*  a  substance  which  is  undergoing  molecular 
stimulation  is  having  its  temperature  raised,  " 

The  rate  tof  solar  radiation  received  just  ">  ' 
outside  the  earth's  atmosphere  has  been  found 
to  be*nearly  constant  (2  to  3  percent  variation) 
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and  to  have  an  approximate  average  value  of 
1.94  gram  calories  per  minute  per  square  centi- 
meter. This  value  is  known  as  the  SOLAR 
CONSTANT. 

For  work  in  meteorology,  the  measurement 
of  .solar  radiation  at  the  fringe  of  the  earth's 
atmosphere  was  found  to  be  impractical.  What 
was  needed  was  a  measure  of  the  sun's  radiation 
actually  received  at  the  earth's  surface.  Such 
a  measurement  was  found  and  is  referred  to  as 
INSOLATION.  Insolation  is  the  rate  at  which 
solar  radiation  fs  received  by  a  unit  horizontal 
surface  at  any  point  on  or  above  the  surface  of 
the  earth.  -Henceforth  in  this  training  course, 
insolation  is  used  when-speaking  about  incoming 
solar  radiation. 

HEAT  TRANSFER 

/    Heat  is  a  form  of  energy.  Heat  is  also  an 
/index  of  molecular  activity.  We  measure  the 
/quantity  of  heat  in  calories  and  the  degree  of 
heat  as  temperature.  Look  at  it  this  way.  Ima- 
gine two  pots  of  water  on  a  stove,  each  at  the 
■  same  temperature,  but  one  pot  having  twice  the 
amount  of  water  as  the  other.  Since  both  pots 
of  water  are  at  the  same  temperature,  the 
molecules   of  water  are  moving  at  the  same 
speed.  However,  since  one  pot  has  more  water 
(and   more   molecules   in  motion),  more  heat, 
(calories)  was  required  ta  bring  the  water. to  . 
the  same  temperature  as  that  in  the  other  pot. 

As  stated  previously,  molecular  stimulation 
produces  heat  and  that-  mblecular  stimulation  is 
due  to  RAJHATION.  -Radiation  is  not  the  only 
means  of  stimulatingmolecules.Theotherni*tod 
of  stimulating  molecules  is  CONDUCTION,  whfijlT 
is  the  stimulation  of  moleculeffoccurringbetween 
two  substances  -when  one  substance  stimulates 
another.  Therefore;  y/e  -can  say  that  w$  are 
dealing. with  HEAT  TRANSFER.  ~- 

/'tteai-transt&ty[£_4yery  important  in  meteor-"". ~ 

/ogy.  A\f  weather  a'sr  we  know  it  comes  about  -* 

because  a  heat  transfer  has  taken  place,  sonfe- 

tlrnes  alone,  and  sometimes  in -conjunction  with  ' 

o'TfiS-K-prbcesses.-  Let  us  briefly  .investigate  .the 

three  methods  of  heat  transfer, 
i 

Rad'ation  .  [ 

'Radiation  refers  to  the  process  by  which 
eiectromagrietic  energy  is  propagated  through- 

* 


space.  Radiation  occurs  at  the  speed  of  light, 
that  is,,  at  about  186,300  miles  per  second. 
Radiation  travels  in  straight  lines  and  does  not 
need  a  material  medium  through  which  to  pass. 
It  is  the  most  important  single  means  ofrheat 
transfer  for  the  earth  as  a  whole.  All  of  the 
heat  the  earth  receives  is  by  radiation. 


Conduction 

Conduction  is  the  transfer  of  heat  through 
molecules  which  are  in  contact  with' one  another. 
Most  solids  are  good  conductors  of  heat.  The 
atmosphere  (and  gases  in  general)  are  poor  con- 
ductors of  heat.  Conduction  of  heat  in  the  atmo- 
sphere takes -place  in  the  first  few  inches  of 
air  above  the  ground.  In  general,  it  is  insignif- 
icant as  a  method  of  heat  transfer  in  meteor- 
ology. 

Convection 

.  Convection  is  the  method  of  heat  transfer 
in  a  fluid   resulting  in  transport  and  mixing 
of  the  properties  of  that  fluid.  Visualize  a  pot  of 
boiling  water.  The  water  at  the  bottom  of  the  . 
pot  is  heated  by  conduction.  It  becomes  less, 
dense  and  rises.  Cooler^and  denser  water  from  . 
the  sides  and  the  top  of  |ft#-pat  ^rushes  in  and 
replaces  the  rising  water.  In  time,  the  water 
is  thoroughly  mixed.4' As  long  as  heat  is  applied 
to  the  pot,  the  water  continues  to  .transfer  heat 
by  convection.  The  transfer  of  heaLby  convection 
in  this  case  applies  only  to  what  is  happening., 
to  the  water  io  the  pot. 

Convection  occurs,  regularly  in  the  atmo- 
sphere; "the  air  "boils'^  -so  ~io  .speak,  and  the* 
^results  of  this  boiling  are  mass  motions  in  the 
atmosphere;  for  example,  the  big  bulging  cumu- 
lus clouds  "we  see  in  the  sky. . 


Adyectloh-  -  - 

•Advection  is  really  a  fonft-„of  cpnvec'tion, 
but  in  .meteorology  it  means  the  transfer  of 
heat  or  other  properties  along  the  HORIZONTAL. 
Convection  is  the  term  reserved  for  the  VER- 
TICAL -transport  .  of  heat.  Henceforth  jn  this 
.traiiiing.  course,  the  wotfds  ' 'convection V  and 
"advectfon"  ^re  used  to'gean  the- vertical  and 
horizontal  transfer  *of  atmospheric  properties,  * 
respectively.  *  •  * 
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Figure  3.-  Differential  Insolation. 


EFFECTS  OF  THE  EARTH 

Having  gained  the  necessary  background! 
you  are  now  ready  to  study  the  disposition^ 
insolation,  the  insolation  balance,  andjli^heat 
balance  in'the  earth's  atmosphere. 

DISPOSITION  OF  INSOLATION 

The  earth  is  not  uniformly  warm.  This 
means  that  there  must  be  differences  in  insolation 
over  the  surface  of  the  earth.  This  portion  of  the 
section 'explains  how  the  differences  in  insolation 
are  accounted  for. 

Dispersion 

In  the  portion  of  this  section  entitled  "MO- 
TIONS  OF  THE  EARTft"  you  learned  that  the 
earth's 4  axisf  is  inclined  at  an  angle  of  23  1/2°. 
"This  inclination  of  the  earth's  axis  causes,  the 
sun's  rays  to  be  received  on  the  surface  of  the 
earth  at  varying  angles,  depending  on  the  position 
of  the  earth.  .When  the  sun's  rays  are  not  per- 
pendicular tp  the   surface  of  the  earth,  they 
become  DISPERSED  over  a  greater  area,  as  can 
be   seen  in  figure  3.  Therefore,  if  the  same 
number  of  £H?s  has  to  cover  a  larger  area? 
they  cannot  produce  as  much  heat  when  they  are 
dfspersed,  and  the  temperature  in  the  area  where" 
the  sun's  ray?  are  dispersed  must  be  lower. 
Dispersion  of  insolation  in  the  atmos^here^takes  . 
place  daily  all  over  the  earth  du£  to  the  rotation 
of  the  earth,  as  can  be  seen  from  examining 
figure   1.    Dispersion  of  insolation  also  'takes 
place  with  the  seasons  in  ail  latitudes  of  the 
earth,   but   especially   in  the  latitudes  in  the. 
polar  areas,  as  illustrated  in  figure  2. 


,  v\fc>sorption 

Insolation  Is  absorbed  by  a  substance  and  is 
converted  to  heat,  as  has  already  been  explained. 
Some  substance?  absoryb  all  radiant  energy  which 
reaches  *  them;  some/  absorb  none;  'and  some 
absorb  only  that  in /specific  wavelengths.  The 
latter  is  the  case  with  some  of  the  constituents 
of  the  atmosphere.  /The  earth's  surface  absorbs 
an  average  of  51  percent  of  the  isolation. 

.Reflection 

Reflection  is  the  process  whereby  a  surface 
turns  back  a  portion  of  the  incident  radiation 
into  the  medium  through  which  the  radiation 
came. 

Some  insolation  is  reflected  by  a  substance. 
This  means  that  the  electromagnetic  waves  simply 
bounce  back  to  space  'without  stimulating  mole- 
cules. The  earth  reflects  an  average  of  36 
percent  of  the  insolation.  The  percent  of  reflec- 
tivity of  all  wavelengths  of  a  surface  is  known 
as  its  ALBEDO.  The  earth's  average  albedo  is 
from  36  lo  43  percent.  In  calculating  the  albedo 
of  the  earth,  the  assumption  is  made  that  the 
average  cloudiness  over'the  earth  is  52  percent. 

All  surfaces  do  not  have-the  same  degree  of 
reflectivity;  consequently  they  do  not  have  the 
same  albedo.  Some  examples  'are  as  follows: 

c 

<  1.  Upper  surfaces  of  clouds.—  From  40 
to  80  percent,  with  an  average  of  about  55  percent. 

2.  Snow  surfaces,-  Over  80  percent  for 
cold,  fresh  snow;  as  low  as  50  percent  for  old, 
dirty  snow.  ' 

-  3*    Land  surfaces.—  From.  5  percent  for 
dar^  forests  to  3u  percent  for  dry  land. 

A.  Water  surfaces.—  From  2  percent  when 
ttfe  sun  is  directly  overhead  to  100  percent  *'hen 
the  sun  is  very  low  on  the  horizon.  This  in- 
crease is*  not  linear;  after  the  sun  is  more 
than  25°  above  the  horizon,  the  albedo  is  Jess 
than  10  percent  so  that,  in  general,  the  albedo 
-  of  water  is  quite  low. 


When  the  earth  as  'a  whole  is  considered, 
cloud  surfaces  axe  most  important  in  determining 
the  earth's  albedo 


«  « 

-Scattering     *  • 

isolation  is  also  scattered  before  tt  reaches 
the  earth's  surface.  When  Insolation  Is  scattered 
in  the  sky,   It  causes  us  to  see  a  blue  sky* 

Greenhouse  Effect 

The  atmosphere  Itself  absorbs  some  of  the 
insolation,  but  on  a  selective  basis.  The  shorter 
wavelengths  of  insolation  pass  through  the  atmo- 
sphere to  the  earth,  hut  earth  radiation  (longer 
wavelength  infrared  radiation)  Is  "trapped"  by 
the  atmosphere.  Some  of  this  trapped  radiation 
is  reradlated  to  the  earth.  This  causes  a  higher 
eartn  temperature  than  would'occur  from  direct . 
insolation  alone.  This  is  the  greenhouse  effect. 
It  gets  its  "name  because  the  process  Is  the  same 
as  that  taking  place  In  a  greenhouse:  Most  of  the 
short-wave  solar ,  radiation  passes  through  the 
glass  roof  •  and  is  absorbed  by  objects  inside. 
These  objects  reradiate  at  their  temperatures, 
which  are  relatively  low  compared  to  the  sun's 
temperature;  consequently  they  emit  infrared 
radiation^ which  is  absorbed  by  the  glass.  The 
glass^^hirn,  radiates  energy  back  into  the 
/greenhouse,  as  well  as  outward,  so  that  the 
temperature,  inside  the  greenhouse  remains 
warmer  th^Kthat  outside* 

Inversions  %*•  ^ 

Inversions  describe  the  atmospheric  condi- 
tions wheij  the  temperature  increases  with  alti- 
tude, rather  than  decreases  as  Is  usual.  Inver- 
sions- result  from  the  selective  absorption  of 
the  earth'^  radiation  by  the  water  vapor  In  the 
air  and  alscF  from  the  sinking  or  subsidence  of 
air,  whifch  results  in  its  compression  and,  there- 
fore^ heating.  Either  effect  alone  may  cause  an 
irrVersion;  combined,  the  Inversion  would  be 
stronger. 

*  * 

•Inversions  are  a  frequent  occurrence,  espe- 
cially at  night,  In  the  Tropics,  and  In  the  polar 
regions*  For  night  conditions  all  over  the  world, 
for  the  polar  regions,  and  for  th^oplcal  regions, 
It  *  may  be  said  that  Inversions  In  the  lower 
lpvels  are  the  rule  rather  than  the  exoeptlon. 

RADIATION  BALANCE 
>'*IN  THE  ATMOSPHERE 

t  The  sun  radiates  Insolation  to  the  earth,  the  • 
earth  radiates  energy  back  to  space,  and  the 


atmosphere-  radiates  energy  also."' As  is  shown 
In  figure  4,  a  balance  is  maintained  between 
Incoming  and  outgoing  radiation.  Now  let  "us 
consider  the  various  radiation  processes  in 
maintaining  this  balance* 

Insolation 

The  insolation  that  enters  the  earth's  atmo- 
sphere is  alrr\ost  entirel>  short-wave  radiation. 
About  36  percent  is  reflected  back  into  space 
by  the  surface  of  the  earth,  cloud,  cover,  aqti 
atmospheric  particles;  13  percent  is  absorbed 
directly  by  water  vapor  and  air;  and  51  percent 
Is  absorbed  by  the  earth.  These  figures  are 
representative  of  average  conditions. 

Terrestrial  (Earth)  Radiation 

Radiation  emitted  by  the  earth  is  almost 
entirely  long-wave  radiation.  Most  of  the  ter- 
restrial radiation  is  absorbed  by  the  water  vapor 
in  the  atmosphere,  with  a  small  amount  (about 
8  percent)  being  radiated  dtrectlj  to  outer  space. 
Some  is  carried  aloft  by  convection  and  turbu- 
lence* and  the  condensation-precipitation-evap- 
oration cycle  (hydrological  cycle)  carries  the 
remainder  into  the  atmosphere. 

Atmospheric  Radiation 

The  atmosphere  reradlates  to  outer  space 
most  of  the  terrestrial  radiation*  (about  43%) 
and  insolation  (abput  13%)  that  It  has  absorbed. 
Some  of  this  radiation  .Is  emitted  downward 
and  Is  kno\vn  as  COUNTERRADiAtION.  This 
radiation  Is  of  great  importance  In  the  green- 
house effect. 

Diffuse  Sky  Radiation 

About  25  percent  of  the  Incoming  solar  radia- 
tion is  scattered  by  the  atmosphere.  Abdut  two- 
thirds  'of  this  scattered  ra'dtation  reaches  the 
*  earth  as  diffuse  sky  radiation.  Diffuse  sky  radia- 
tion may  account  for  almost  100  percent  of  thp 
radiation  received  by  polar  stations  during  winter. 

Summary 

The  foregoing  discussion  accounts  for  the 
TOTAL  radiation.  Some  of  the  radiation  makes 
several   trips,   being  absorbed,   reflected,  or 
reradlated  by  the  earth  or  the  atmosphere.  Inso-  4 
latlon  comes  into  the  atmosphere,  and  all  of  'it4' 
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Figure  4.—  Radiation  balance  in  the  atmosphere. 


is  roradiated.  Ho'w  many  tnpb  it  mikes  while 
in  our  atmosphere  does  not  matter.  The  direct 
absorption  of  radiation  by  the  earth  and  atmo- 
sphere and  the  reradiations  into  space  balance. 

heat  balance  in 

THE  ATMOSPHhftK 


J  seen  how  the  balance  of  incoming 


You  hare 

and  outgoing  radiation  in  the  atmosphere  is 
maintained.  Due  to  the  differential  insolation 
(uneven  heating)  that  the  earth  receives,  a  balance 
of  heat  must  be  maintained  on  earth. 

It  'has  been  shown  that  the  earth  absorbs 
more  insolation  than  the  atmosphere  above  it, 
and  because  the  intensity  of  reradiationdecreases 
through  each*  ascending  layer,  temperature  nor- 
mally decreases  with  height  to  the  tronopause. 

In  the  Tropics,  heat  is  being  supplied  to  the 
atmosphere  constantly.  The  temperature  of  the 
air  is  thus  higher  thaninareas poleward.  Because 


of  the  expansion  of  warm  air,  this  column  of 
air  is  much  taller  than  over  the  poles.  At  the 
poles  the  eartji  receives  little  insolation  and  the 
column  of  air  is  much  shorter  and  heavier. 
This  differential  in  insolation  sets  up  a  circula- 
tion that  transports  warm  air  from  the  Tropics 
poleward  aloft  and  cold  air  from  the  poles 
equatonwird  on  the  surface  (figure  5).  Modifi- 
cations to  this  general  circulation  are  discussed 
in  detail  in  Section  3. 


ATMOSPHERIC  COMPOSITION 

The  earth's*  atmosphere  is  divided  into  layers 
or  zones  according  to  various  distinguishing 
features  as  illustrated  in  figure  6*  These  divi- 
sions are  for  reference  of  thermal  structure 
or  other  significant  features  and  are  not  intended 
to  imply  that  these  layers  or  zones  are  irfde- 
pendent  domains.  The  earth  is  surrounded  by 
one  atmosphere,  not  by  a  number  of  subatmo- 
spheres. 
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Table   1.—      Gaseous  composition  of  the  dry 
*  atmosphere. 
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Figurev5.—  Beginning  of  a  circulation.  • 

The  temperatures  shown  are  generally  based 
on  the  latest  '  U.S.  Extension  to  the  ICAO  Stand- 
ard Atmosphere"  and  are  representative  of 
mid-latrtude  conditions^  The  extension  wto  500 
miles  shown  in  the  insert  is  speculative. 

These  layers  and  zones  are  discussed  underv 
two  separate  classifications.  One  is  the  METEOR- 
OLOGICAL, classification,  which  defines  zones 
acc*6rdinf  to  their  significance  for  the  weather; 
and  the  other  is'the  ELECTRICAL  classification, 
which  defines  zones  according  to  electrical  char- 
acteristics of  gases  of  the  atmosphere. 


Meteorological  Classification 


In  the  meteorological  classification  (com- 
mencing with  the  earth's  surface  and  proceeding 
upward)  are  encountered  the  troposphere,  tropo- 
pause,  stratosphere,  stra^opause,  mesophere, 
mesopause,  therfnosphere/  and  the  exosphere. 
These  classifications  are  based  on  temperature 
characteristics. 

TROPOSPHERE.—  The  troposphere  is  the 
layer  of  air  enveloping  the  earth  immediately 
above  the  earth's  surface.  It  is  approximately 
5  1/2  miles  (29,000  ft  or  9  km)  thick  over  the 
^Joles,  about  7  1/2  miles  (40,000  ft  or  12,5  km) 
thick  in  the  mid-latitudes,  and  about  11  1/2 
miles  (61,000  ft'or  19  km)  thickover  the  "Equator. 
The  figures  for  thickness  are  average  figures;' 
they  change  somewhat  from  day  to  day  and  from* 
season  to  season.  The  troposphere  is  thicker 
in  summer  than  in  winter  and  is  thicker  during 
the  day  than  during  the  night.  The  thickness  of" 
the  troposphere  is  important  tn  forecasting  the 
weather.  All  weather  as  we  know  it  occurs  in  the 
tropospherj*. 


Cm 

*  Percent 

Nitrogen  (N\) 

'  78.09 

Oxygen  (O,^ 

20.95 

Argon 

0.93 

Carbon  Dioxide 

0.03 

Other  Gases'  s 

less  than  0.01 

•Other  ga*;s  include  traces  of  neon,  helium,  hydrogen, 
•    krvpton,  and  xenon  ^ 

The  troposphere  is  composed  of  a  mixture 
of  several  different  gases.^By  volume,  the  com- 
position of  dry  air  in  the*  troposphere  is  as 
follows:  78  percent,  nitrogen,  21  percent  oxygen, 
nearly  1  percent  argon,  jand  about  0..03  percent 
carbon  dioxide.  In  addition,  it  contains  minute 
traces  of  other  gases,  s\ich  as  helium,  hydrogen, 
neon,  krypton,  and  others^  (See  table  1.) 

The  air  in  the  troposphere  also  contains  a 
variable  amount  of  water  v^pox.  The  maximum 
amount  of  water  vapor  that  the  air  can  hold 
depends  on  the  temperature  of  the  air  and  the 
pressure;  that  is,  the  Higher  the  temperature, 
the  more  water  vapor /it  can  hold  at  a  given 
pressure.  How^eyer^,  the  amount  of  water  vapor 
the  air  can  hoM  is  'nev^r  more  than  about  4 
percent  by  volume.  - 

The  air  also  contains  variable  amounts  of 
impurities,  such  as  dust,  salt  particles, /4oot, 
and  chemicals.  These  impurities  in  the*  air  are 
important  becausev  of  their  effect  on  visibility 
and  especially  because  of  the  part  they  play  in 
the  condensation  of  water  vapor.  If  the  air  were 
absolutely  pure,  there  would  be  little  condensa- 
tion; these  minute  particles  act  as  nuclei  for 
condensation  of  water  vapor.  Nuclei  which  have 
an  affinity  for  water  vapor  are  called  HYGRO- 
SCOPIC NUCLEI. 

The  temperature  in  the  troposphere  usually 
decreases  with  height,  but  there  may  be  inver- 
sions for  relatively  thin  layers*  at  any  level. 

TROPOPAUSE.—  The  tropopause  is  a  tran- 
sition layer  between  the  troposphere  and  the 
stratosphere.  It  is  not  uniformly  thick,  and  it 
is  not  continuous  from  the  Equator  to -the  poles. 
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Figure  6.—  Upper  atmosphere— Continued. 

In  each  hemisphere  the  existence  of  thre>  dis- 
tinct tropopauses  is  generally'  agreed  upon— 
one  in  the  subtropical  latitudes,  -one*  in  middle 
latitudes,  and  one!  in  subpolar  latitudes.  These 
may  overlap  or  maV  be  folded. 

The  tropopause  is  characterized  by  an  iso 
thermal  lapse  rate;'  that  is,  it  Is  marked  b 
little  ox  no  increase  or  decrease  of  temperature 
with  Increasing  altitude.  The  '  composition  of 
gases  is  about  the  same  as  that  for  the  tropo- 
sphere. However,  water  vapor  is  found  only 
in  very  minute  quantities  at  the  tropopause  and 
above  it. 

STRATOSPHERE.-  The  stratosphere  di- 
rectly overlies  the  tropopause  and  extends  to 
aoout  30  miles  (160,000  ft).  Temperature  varies 
little  with  height  in  the  stratosphere  through 
the  first  30,000  feet;  however,  in  the  upper 
porcion  the  temperature  increases  approximately 
linearly  to  values  nearly  equal  to  surface  tem- 
peratures. This  Increase  In  temperature  through 
this  zone  is  attributed  to  the  presence  of  ozone 
which  absorbs  most  of  the  Incoming  ultraviolet 
radiation.  / 

STRATO  PA  USE The  stratopause  is  the 
top  of  the  stratosphere.  It  .is  the  zone  marking 


I 

another  reversal  of  temperature  with  increas- 
ing altitude.  •  , 

f  •  • 

MESOPHERE.—  The  mesophere  is  a  layer 
approximately  20  miles  (100,000  ft)  thick  which 
directly  overlies  the  stratopause.  The  tempera- 
ture decreases 'with  height  from  about  0'  C.  at 
the'  stratopause  to  about  .-93°  C.  at  the  meso- 
^  pause. 

MESOPM'SE.-  The  mesopause  is  the  thin 
boundary  zone  between  the  mesophere  and  the 
thermosphere.  It  is  marked  by  a  reversal  of 
temperature;  i.e.,  temperature  again  increases 
with  altitude. 

THERMOSPHERE.-  The  thermosphere,  a 
second  region  in  which  the  temperature  in- 
creases with  height,  extends  from  the  meso- 
pause to  outer  space. 

y 

EXOSPHERE.-  The  very  outer,  limit  of  the 
earth's  atmosphere  is  regarded  as  the  exo- 
sphere.  Jt  is  the  zone. in  which  gas  atoms  are 
so  widely  spaced  that  theyA  rarely  collide  with 
one  another  and  ha^e  individual*  orbits  around 
the  earth.  ^It  is  believe^  *not  to  be  of  meteor- 
ological significance. 
*  •  i 

Electrical  Classification 

3 

the  description  of  the  electrical  classifica- 
tion is  necessarily  brief  because  you  do  not 
need  much  detail  on  this,  classification.  The* 
primary  emphasis  is  on  the  effects  on  communi- 
cations and  radar.  The  electrical  classification 
outlines  three  zones— the  troposphere,  theozono- 
sphere,  and  the  ionosphere 

TROPOSPHERE.-  In  the  troposphere,  the 
primary  emphasis  is  on  the  formation  of  inver- 
sions of  temperature;  that  is,  the  increase  of 
temperature  with  gain  in  altitude.  Certain  types 
of  inversions  cause  significant  bending  or  re- 
fraction of  radio  and  radar  waves.  Under  certain 
circumstances  the  range  of  communication  and 
radar  is  thereby  increased,  and  under  other 
circumstances  the  range  is  shortened.  There- 
fore, the  formation  of  inversions  is  important 
to  'communicators  "and  radar  operators.  Meteor- 
ologists are  called  upon  to  forecast  the  forma- 
tion of  inversions. 

OZONOSPHERE.-  This  layer  is  nearly 
coincident  with  the  stratosphere.  As  was  discussed 
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earlier  in  this  section,  the  ozone  found  in  this 
zone  is  responsible  for  the  increase  in  tem- 
perature with  height  in  the  stratophere.  There- 
fore, the  ozonosphere'  is  the  primary  source 
>f  heat  in  the  rarefied  upper  atmosphere. 

lOXO*HhRE.l  *The  ionosphere  extends 
from  about  40  miles  (200,000  ft)  to  an  indefinite 


height.  Ionization  of  air  molecules  through  this, 
zone  provides  conditions  that  are  favc^aMe  lor 
radio  propagation.  This  zone  is  subdivided  into 
the  D,  E,  and  F  regions-  The  F  regions  are  con- 
sidered the  most  important  for  increasing  com- 
munication capabilities. 
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METEOROLOGICAL  ELEMENTS 


The  next  step  m  the  study  of  meteorology 
i$  to  kafn  the  property  of  meteorological 
elements,  These  Clements '  are  the  weather  or 
they  make  the  weather.  Any  element  which  plays 
♦a  part  in  defining  the  state  of  the  atmosphere 
is  properly  a  meteorological  element.  However, 
in  this  discussion,  interest  lies  mostly  with 
those  elements  which  affect  the  atmosphere  from 
the  aspect  of  naval  operations;  that  is,  interest 
lies  in  the  elements  which  make  the  weather 
good  or  bad  for  naval  operations-^db&urface, 


surface,  air,  and  spack. 


Most  weather,  as  K  is  known  afad  as  it  has 
a  bearing  on  naval  operations,  qftnirs  in  the 
^  troposphere  The  meteorological  elements  that 
bring  about  this  weather- are  air  temperature, 
atmospheric  pressure,  humidity,  hydrometeors 
(cloudy  fogs,  precipitation),  lithometeors,  lumi- 
nous'meteors,  igneous  meteors,  and  winds.  These 
elements  receive  most  of  the  coverage  in  this 
section, 

t 

Above  the  tropopause,  little  or  no  weather 
as  such  occurs,  because  water  vapor  is  present 
only  in  very  small  quantities.  Since  prectptta- 
,  tion,  fogs,  and  clouds  are'eomposed  of  condensed 
water  vapor,  we  can  deduce  that  the  presence  of 
water  vapor  in  the  air  is  the  most  important 
factor  controlling  the  type  and  intensity  of  weather, 

♦  '  PRESSURE 

Although  extremely  light,  air  has  weight  and 
is  highly  elastic  and  compressible.  Because  of 
its  weight  and  density,  the  atmosphere  exerts 
a  certajn  pressure.  By  definition,  atmospheric 
pressure  is'a  force  per  unit  area.  Under  standard 
conditions,  the  atmosphere  exerts  a  pressure 
of  14,7  pounds  per  square  inch  upon  the  surface 
of  the  earth  at  sea  level.  This  is  equivalent  to 
1,013.2  mb.  The  millibar  is  the  unit  of  pressure 
commonly  used  in  meteorology.  - 

Molecules  present  in  the  atmosphere  exert 
pressure  jn  all  directions  at  the  s*me  time; 


this  makes  it  possible  to  measure*  atmospheric 
pressure  by  several  different  means.  & 

TEMPERATlRE 

One  of  the  most  important  properties  01  the 
atmosphere  is  its  ability  to  absorb  and  lose 
heat.  The  heating  and  cooling  of  the  atmosphere 
exerW  a  tremendous  influence  on  the  processes 
that  determine  the  weather.  Consequently,  tem- 
perature is  one  of  your  Jprincipal  concerns. 
It  is  necessary  to  know  the  ftveantng  of  tempera- 
ture, the  scales  and  instruments  used  in  its 
measurement,  and  the  important  temperature 
values.  Procedures  for  observing  temperature 
are  given  in  another  pamphlet. 

Temperature  may  be  regarded  as  a  measure 
of  molecular  motion 'determined  from  .arfyb solute 
zero  point  at  which  all  molecular  motion  stops. 
Temperature  may  -be  defined  as  the  degree  of 
hotness  or  coldness,  or  it  may  be  considered 
as  a  measure  of  heat  intensity.  This,  being  the  ~ 
case,  we  may  conveniently  measure  temperature 
in  several  different' ways. 

One  way  of  measuring  temperature  is  by  means 
of  a  Liquid  thermometer.  Observe  the  changes 
.  in  volume  of  certain  sensitive  substances,  sucnas 
alcohol  or  mercury,  which  expand  greatly  cwith 
an  increase  in  molecular  activity  (temperature 
increase)  and  contract  greatly  when  the  molecular 
activity   slows   down  (temperature  decreases). 

Another  jvay  to  measure  temperature  is  to 
place  substances,  usually  metals,  next  to  one 
another  and  note  the^difference  in  their  expansion 
or  contraction.  Each  substance  has  an  expansion 
coefficient  which  is  based  on  the  amount  it  ex- 
pands per  degree  of  temperature  increase.  One 
metal  alone  can  be  used  to  measure  tempera- 
ture; but  since  the  expansion  is  usually  small, 
it  is  very  difficult  to  get  an  easy  and  an  accurate  . 
measurement.  Two  metals  welded  together  make 
the  measurement  easier,  because  the  strip  with 
the  lesser  expansion'  coefficient  bends  the  one 
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with  the  greater,  and  the  curve  of  bending  is 
easily  magnified,  thus  affording  an  easy '  and 
accurate"  measure  of  temperature.  Welded  strips 
of  two  dissimilar  metals  are  called  bimetallic 
strips. 

Another  methdd  of  measuring  temperature  is 
by  a  color  comparison  of  the  same  substance  at 
different  temperatures.  You  know  that  iron  is 
blue-gray  when  cold,  becomes  orange  when  heated, 
then  red,  and  finally  turns  almost  white  when- 
it  is  completely,  melted  and  about  to  vaporize. 
For v ordinary  meteorological  purposes,,  this 
method  is  unimportant. 

There  are  other  methods,  such  as  measur- 
ing the  electrical  resistance  of  a  substance 
(resistance  changes  with  temperature;  therefore, 
you  can  find  temperature  by  finding  the  resist- 
ance), spectral  analysis,  Measurements  of  the 
speed  of  sound*  and  measurement  of  electro- 
magnetic radiation.  Some  of>  these  methods  are 
Indirect  and  have  little  direct  application  m 
meteorology  at  the  present  time. 

Temperature  measurements  used  most  ex- 
tensively are  those  dealing  with  a  confined 
substance^  (alcohol  or  mercury),  differences  in 
linear  expansion  (bimetallic  strip),  and  changes 
in  electrical  resistance  (radiosondes). 

Long  ago  it  was  recognized  that  uniformity 
in  the  measurement  of  temperature  was  essen- 
tial, ft  would  be  foolhardy  to  rely  on  such  sub- 
jective judgments  r  of  temperature  as  "cool," 
"cooler,"  and  "coolest";  therefore,  arbitrary 
scales  were  devised.  Some  of  them  are  described 
in  this  section.  Th^are  the  Fahrenheit,  Celsius, 
and  absolute  (Kelvin)  scales.  These  are  the 
scales  in  use  by  most  meteorological  services 
of  aU  the  countries  in  the  world. 

r 

FAHRENHEIT  SCALE 

The  Fahrenheit  scale  was  invented  by  Gabriel 
Darfel  Fahrenheit  about  1710.  He  was  the  first 
to  use  mercury  in  a  thermometer.  The  Fahren- 
heit scale  has  180"divisions  or  degrees  "between 
the  freezing  point  (32J  P.)  ahd  boiling  point 
(212*  F.)  of  water. 

CELSIUS- SCALE  -  " 

\ 

The  Celsius  scale  was  devised  by  Anders 
Celsius   during  the   18th  century.  This  scale 


,  has"  reference  .points  with  respect  to  water  of 
0;   C.   for  freezing  and   100*  C.  for  boiling. 

\ 

The  terms  "centigrade  bcale"  unci  ''degrees 
centigrade'/   have  been  'used  for  mam  years; 
however,  the  accepted  terminology  is  ''Celsius 
?  scale^'and  "'degrees  Celsius." 


ABSOLUTE  SCALE 

Another  scale  in  wide  use  by  scientists  in 
many  fields  is  the  absolute  scale  or  Kelvin 
scale  (also  called  the  thermodynamic  tempera- 
ture scale).  It  was  developed  by  Lord  Kelvin 
of'  England., On  this  scale  the  freezing  point  of 
water  is  273°  A,  (or  k),  and  the  boiling  point  of 
water  is  373'  A.  (or  K).  The  absolute  zero 
value  is  considered  to  be  a  point  at  which, 
theoretically,  no  molecular  activity  exists.  This 
rflaces  the  absolute  zero  at  a  minus  273°  on 
the  Celsius  scale,  since  the  degree  divisions  are 
/  equal  in  size  on  both  scales.  The  absolute  zero 
value  on  the  Fahrenheit  scale  falls  at  minus 
459^6"  K. 

SCALE  CONVERSIONS  .  " 

Since  all  three  scales  are  used  m  meteor- 
ology, it  is  often  necessary  to  change  the  tem- 
perature value  of  one  'scale  to  that  of  anpther 
♦scale.  Only  a  few  methods  for  such  conversion 
are  described  in  this  section. 
* 

It#  is  helpful  to  note  that  there  are  100 
divisions  between  the  freezing  and  boiling  points 
of  water  on  the  Celsius  scale,  whereas  there 
are  180  divisions  between,  the  same  references 
on  the  .Fahrenheit  scale.  Therefore,  one  degree 
on  the  Celsius^scale  equals  nine-fifths  degree 
on  the  Fahrenheit  scale.  For  converting  Fahren* 
heit,  values  to  Celsius  values)  the  formula  is: 

C  -  #  -  32')  x  |  fr. 

For   example,  50'  F.  is  equivalent  to  10  C. 
By  applying  the  formula, 

£  =  (50  -  S2)  x  |  =  10  Celsius 

For   converting   Celsius   valuel^to  Fahrenheit 
values,  the  formula  is: 


IxC 

0 


32 


For"  example,  5"  C.  is  equivalent  to  41*  F.  By 
applying  the  formula/ 


K  -  f  X5- 


32' 


41*'  I*\ 


To  change  a  Celsius  reading  to  an  absolute 
value,   add   the  Celsius  reading  to  273*  alge- 
braically,. For  example,  minus* 35*  C.  is  equiva- 
lent -to  238    absolute,   arrived 'at  by  adding 
minus  35  C.  to  273\ 

To  change  a  Fahrenheit  reading  to  an  abso- 
lute value,  first  convert  the  Fahrenheit  reading 
to -its  equivalent  Celsius  value,  which  is  then- 
added  algebraically  to  273°.  Consequently,  50°  F. 
is  equivalent  to  283:  absolute,  arrived  at  by 
converting  50;  'F .  to  10°  C.  and  then  adding  the 
Celsius  value  algebraically  to  273°.  • 

Another  method  of  converting  temperatures 
from  one  scale  to  another  is  the  decimal  method. 
This  method  uses  the  ratio  V  C.  eqyals  1.8°  F. 
To  find  Fahrenheit  from  Celsius,  multiply  the 
Celsius  value  by  1.8  and^add  32.  To  find  Celsius 
from  Fahrenheit,  substract  32  from  the  Fahren- 
heit and  divide  the  remainder  by  1.8.  The  follow- 
ing examples  illustrate  the  method: 

1.    Given:  24°  Cv;  Find:  JF. 

24  x  1.8  =  43.2 

43.2  +  32  =  75.2  or  75°  F. 

2>  1  Given:  96s  F.;  Find:  5C. 

96      32  =  64 

64  f  1.8  =  35.5  or  36:  C: 

You,  are  often  called  upon  to  convert  tem- 
peratures from  one  scale  to  another.  Learn  how 
to  make  these  conversions  and  learn  them  well." 
Thev   will   make  your  work' easier  and  more 
efficient. 

TEMPI! RATI' HE  APPLICATIONS    •  0 

Temperature  is  a  comprehensive  term  and 
concept.  For  this  reason  it*  is  reasonable  to 
expect  many  variations  in  its  expression  and 
application.  For  instance,  meteorologists  use 
such  terms  as  potential  temperature,  wet-bulb 
temperature,  virtual  temperature,  maximum  tem- 
periture,  mean  temperature,  and  many  others. 
These  terms  have  their  special  meanings,  which 
are  defined  in  the  proper  place  where  the  con- 
cept first  appears  in  this  training  course.  When 
meteorologists  simply  say  temperature,  they 
mean  the  free  air  temperature.  The  free  air 


temperature  is  the  temperature  Qf  the  air  near 
the  surface  of  the  earth,  measured  so  that  air 
flows  'freely  at  the  point  of  observation  and 
where  ni*  influences  other  than  the>  fre$  4ir 
cause  the  thermometer  to_  be^affected.  This  * 
means  that  the  reading  is  n<3t  made  *in  direct 
sunlight,  or  too  close  to  buildings- or  other  heat 
sources.  • 

HUMIDITY 

As  indicated  earlier,  weather  conditions  - 
depend  greatly  upon  the  amount  of  w^ter  ^n  the 
air.  The  water  may  be  m  any  of  three  forms- 
gas,  liquid,  or  solid.  As  a  gas,  it  is  called  water 
vapor,  which  is  invisible.  Sojid  or  liquid  water 
is  visible  as  precipitation  ot  as  clouds. 

HuLrtdity  is  a  comprehensive  concept;  fcrfere- 
fore,  there  are  available  many  different  defi- 
nitions and  many  different  manners  of  expressing 
humidity. 


Most  of  the  weather  that  interferes  witr.  the 
operation  of  aircraft  is  directly  associated  with 
water  in  some  form.  The  water  that  is  of 
primary  interest  at  this  point  is  that  which 
exists  in  a  gaseous  state,  in  this  section  ;t  is 
necessary  to  consider  the  characteristics  of 
water  vapor,  the  various  manners  in  which 
humidity  is  expressed  and  some  of  the  instru- 
ments  that  are  used  in  measuring  humility. 

WATER  VAPOR  CHARACTERISTICS 

Water  vapor  is  a  universal  constituent  of 
the  atmosphere.  Any  given  volume  of  atmosphere 
at  a  given  temperature  can  contain  only  a  certain 
maximum  quantity  of  water  vapor.  The  maxi- 
mum amount  (by  volume)  of  water  vapor  that 
the  air  can  hold  is  about  4  percent.  If  more 
and  more  water  vapor  is  injected  into  a  given"' 
container  of  dry  air  kept  at  a  constant  tem- 
perature, a  point  is  reached  when  the  water  vapor 
condenses,"  or  becomes  liquid,  as  #  fog  within  the 
container  or  as  dew  on  its  walls/ As  more  and 
more  water  vapor  is  added,  more  of  It  con- 
denses,  but  the  total  amount  of  vapor  in  the 
container  remains  unchanged,  though  the  amount 
of  liquid  water  In  the  form  of  fog  or  dew  in- 
creases. The  volume  of  air  in  the  container  is 
then  said  to  be  saturated  with  water  vapor.  The 
quantity  of  water  vapor  needed  to  saturate  the' 
container  of  air  doe$  not  depend  on  the  amount 
of  air,  Ih  the  container;  it  takes  approximately 
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the  same  amount  of  water  vapor  to  produce 
saturation  wttether  the  container  is  on.the  ground 
with  air  In  it  at  a  pressure  of  1,000  millibars, 
or  at  17;000  feet  altitude  with  only  500-millilars 

•  of  air  pressure  if  the  temperature  is" the  s£ne. 
In  the  second  case,  there  is  more  water  vapor 

-  per  gram  of  air,  though  not  more  total  water 
vapor  in  the  given  container.  - 
*  -  j» 

Although  the  .quantity  of  water  vapor  in  a 
saturated  volume  of  atmospiere  is  independent 
.  of  the  amount  "of  air  presenvIT  DOES  DEPEND 
ON  THE  TEMPERATURE.  The  higher  the  tem- 
perature, *  the  greater -the  tendency  for  liquid 
water  to  turn  into  vapor.  At  a  higher  tempera- 
ture, therefore,  more  vapor  must  be  injected 
into  a  given  volume  before  the  saturated  state 
is  ffeached  and -dew  or  fog  forms.  On  the  other 
hand,  cooling  a  saturated  volume  of  air  forces 
some  of  the  vapor  to  condense  and  the  quantity 
of  vapor  in  the  volume  to  diminish. 

DEFINITIONS  OF  HUMIDITY 

^  The  actual  amount  of  water  vapor  contained 
in  the  air  is  usually  less  than  the  saturation 
amount.  The  amount  of  water  vapor  in  the  air 
is  expressed  in  several  different  manners.  Somfe 
of  the  principal  methods  are  described  in,  the 
following  portion  of  this  section. 

Rfcl%tlve  Humidity 

Although  the  major  portion  of  the  atmosphere 
is  not  saturated,  for  weather  analysis  it  is 
desirable  to  be  able  to  say  how  near  it  is  to 
being  saturated.  This  relationship  is*  expressed 
as  relative  humidity.  The  relative  humidity  of  a 
volume  of  air  is  the  ratio  (in  percenf)  between 
the  water  vapor  actually  present  and  the /water 
vapor  necessary  for  saturation  at  a  given  tem- 
perature. 

Assume,  for  Instance,  that  the  temperature 
is  25°  C.  The  amount  of  water  vapor  needed  to 
saturate  a  cubic  meter  of  air  at  this  temperature 
is  23.05  grams.  If  observation  indicates  only 
11.525  grams  of  vapor  in  a  cubic  meter,  the 
sample  volume  is  half  saturated,  or  its  relative 
imidity  Is  50  percent. 

Relative  humidity   Is  also  defined  as  the 
ratio  (expressed  in  percent)  of  the  observed*, 
vapor  pressure  to  that  required  for  saturation 
at  the  same  temperature  and  pressure. 


Relative  humidity  shows  the  degree  of  satu-t 
ration,  bu^it  gives  no  elue  to  the  actual  amount 
of  water  vapor  in  the  air.  Thus,  other  expres- 
sions of  }iumidlty  are  useful. 

Absolute  Humidity 
♦ 

*  * 
^  The  mass  of  water  vapor  present  per  unit 
.   volume  of  space,  usually  expressed  in  grams 
per  cubic  meter,  is^  known  as  absolute  humidity. 
It  may  be  thought  of  as  the  density  of  the  water 
vapor. 

Specific  Humidity  • 

Humidity  may  be  expressed  as  the  mass  of 
water  vapor  contained  in  a  unit  mass  of  air  (dry 
air  plus  the  water  vapor),  or  as  the  ratio  of  the 
density  of  the  water  vapor  to  the  density  of 
the  air  (MIXTURE  OF  DRY  a\e  AND  WATER 
VAPOR).^Fffts  is  Called  the  specific  humidity 
and  is   expressed  in  grams  per  gram  or,  in 
grams  per  kilogram.  Since  ^his  yalue  depends 
upon  the  measurement  of  mass,  and  mass  does 
not  change  with  temperature  and  pressure,  the 
specific  humidity  of  a  parcel  of  air  remains 
constant  unless  water  vapor  is  added  to  or^taken 
from  .the  parcel.  For  this  reason,  air  which  is 
unsaturated  may  move  from  place  to  place  or 
from  level  to  level,  and  its  specific  humidity 
remains  the  same  as  long  as  no  water  vapo/  is 
added- or  removed.  However,  if  the  air  is  satu- 
rated and  is  cooled,  some  of  the  water  vapor 
must  condense;  consequently,  the  specific  hu- 
midity  (which   reflects  only  the  water  vapor) 
decreases.  If  saturated  air  is  heated,  its  spe- 
cific humidity  remains  unchanged  unless  water 
vapor  is  added  to  it,  in  which  case  the  specific 
humidity  increases.  The  maximum  specific  hu- 
midity which   a   parcel   may  have  occurs  at 
saturation  and  depends  upon  both  the  temperature 
and   the   pressure.   Since   warm  air  can  hold 
more   water  vapor  than  cold  air  at  constant 
pressure,   the   saturation  specific  humidity  at 
high  temperatures  is  greater  than  at  low  tem- 
peratures. Also,  since  moist  air  is  less  dense 
than  dry  air  at  constant  temperature,  a  parcel 
of  air  has  a  greater  specific  humidity  at  satura- 
tion, if  the  pr^ksure  is  low,  than  when  the  pressure 
is  high.  * 

Mixing  Ratio 

The  mixing  ratio  is  defined  as  the  ratio  of 
lass  of  water  vapor  to  the  mass  of  DRY  AIR 
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and  Is  expressed  in' grams  per  gram  or  in  grams 
per  kilogram.  It  differs  from  specific  humidity 
.  only  in  that  .it  is  related  to  the  mass  of  dry  air 
instead  of  to  the  total  dry  air  plus  water  vapor. 
Jt  is  very- nearly  equal  numerically  to  specific 
■humidity,  but  it  is  always  slightly  greater.  The 
mixing  ratio  'has  the  same  characteristic  prop- 
erties as  the  specific  humidity,  in  that -it  is 
conservative  for  atmospheric  processes  involv- 
ing a  change  in  temperature  but  is  nonconserva- 
tive  for  changes  involving  a  gain  or  loss  of  water 
vapor. 

Previously  you  Teamed  that  air  at  any 
given  temperature  can  hold  only  a  certain  amount 
of  water  vapor  before  it  is  saturated.  The  6>tal 
amount, of  vapor  which  air  holds  at  any  given 
temperature,  by  weight  relationship,  is  referred  ' 
to  as  the  saturation  mixmg  ratio.  It  is  useful 
-   w  note  that  the  following  relationship  exists 
•    between  mixing  ratio,  saturation  mixing  ratio, 
.  and  relative- humidity:  Relative  humidity  is  equal  . 
to  the  mixing  ration  divided  by  the  saturation 
mixing  ratio,  multipliedJby  100.  If  any  two  of 
.  the  three  components  in  this  relationship  are 
known,  the  third  may  toe  determined  by  simple 
mathematics. 

Dewpoint  —  • 

The  dewpoint  is  the  temperature  to  which 
air  must  be  cooled,  at  constant  pressure  and 
constant  water  vapor  content,  in  order  for  satu- 
ration to  occur.  The  dewpoint  is  a  conservative 
and.  very  useful  element.  -When  'atmospheric 
pressure  stays  constant,  the  dewpoint  reflects 
increases  and  decreases  In  moisture  In  the  air 
and  aiSo  sh0we  at  a  glance,  under  the  same  con- 
ditions, how  much  cooling  of  the  air  might 
result  in  condensed  moisture. 


HUMIDITY  MEASUREMENTS 


Humidity  is  measured  by  several  different 
methods.  The'  instruments  and  procedures  used 
in  humidity  measurements  are  treated  in  the 
appropriate  sections  discussing  Instruments.  It 
suffices  to  say  here  that  cooling,  vapor  pressure 
differentials,  expansion  coefficients,  and  elec- 
trical resistance  are  the  primary  means  used 
to  determine  the  humidity  of  the  air. 

,  WINDS 

In  general,  a  -reference  to  wind  means  alx 
in  natural  horizontal   motion  relative  to  the-: 


surface  of  the  earth.  Actually,  wind-  has  many 
components  of  direction.  It  may  be  upward  or 
downward  directed  in  a -certain  horizontal  dl- 
'  rectlon.  Tljg  .vertical  components  are  difficult 
to  measure.  Thus  we  deal  only  with"  the  hori- 
zontal component-the  horizontal  direction  and 
.  speed.  In  meteorology,  reference  is  genecally 
.   made  to  the  vertical  component  of  the  wind  as 
turbulence,  updrafts,  or  dbwndrafts.  ' 

The  cause  of*  windflow  is  the  variation  in 
pressure,  which  in  turn, results  from  a  variation 
in  temperature.  The  processes  which  cause  a 
variation  In  pressure  and  temperature  are  de- 
scribed In  section  1  of  this  training  pamphlet, 
and  the  details  of  atmospheric  circulation  are 
covered  In  section  3. 

At  times \confuslon  arises  from  the  meaning 
of  wind  direction.  Wind  direction  is  always  the 
direction  FROM  which  the  wind  is  blowing:  Wind 
speed  may  be  expressed  in  a  number  of  man- 
ners, such  as  miles  per  hour,  .kilometers  per 
hour,  feet  per  second,  meters  per  second,  or  in 
nautical  miles  per  hour  (knots) .vIn  meteorology, 
wind  speed  is  often  expressed  In  knots.  Wind 
speed  measurements  are  commonly  made  by 
the  use  of  anemometers.  There  are  several  v 
types  of  anemometers  in  use;  the  details  of 
their  operation  are  covered  in  appropriate  sec- 
tions oij  instruments. 

LUMINOUS  METEORS  , 


The  luminous  meteors  are  any  one  of  a 
number  of  atmospheric  phenomena  which  appear 
as  luminous  patterns  in  the  sky.  They  constitute 
such  phenomena  as  solar  and  lunar  halos,  solar 
and  lunar  coronas,  rainbows,  fogbows,  and  aurora 
borealls  and  aurora  australls   (northern  and 
southern  lights).  Luminous  meteors  are  not  active 
elements;,  that  is,,  they  generally  do  not  cause 
—adverse  weather.  However,  except  for  the  auroras, 
they  are  related  to  clouds  which  do  cause  ad- 
verse weather.  Thus,  they  help  in  describing 
the  state  of  the  atmosphere. 

HALOS 

4- 

A  halo  is  a  luminous  ring  around  the  sun 
or  moon.  When  It  appears  around  the  sun,  It  Is 
a  solar  halo;  when  It  forms  around  the  me&nx 
it  is  a  lunar  halo.  It  usually  appears  whitish,  jf 
but  it  may  show  the  spectral  colors  (red,  ora.ige 
yellow,  green,  blue,  indigo,  and  violet)  with  the  • 
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red  ring  <yx  the  inside  and  the  vtol\t  r(ng  on  the 
outside.  /The  sky  Is  darker  Insidfe  the  ring  than* 
outside.  Halos  are  formed  by  REFRACTION  of 
llghji  as  .It  passes  through  ice  crystals.  This* 
,njeans  that  hajps  are  almost  exclusively  «as- 
socl^ted  with  cirrlform  ^clouds/  Refraction  of 
light  means  that  the  light  passes 'through  prisms.; 
that  Is,  Ice  crystals  whlcf^  act  as^  prtsms.  »pme 
reflection  of  light  alsp  takes  place. 

Halds  appear,  in  various- sizes,  but  th> 
most  common,  size  Is  the  ^mall'22-de^ree  halo 
The  size  of  ther  halo  can  be  determined  visually 
.with  ease.  Technically,"  t^ie  radius  of  the  22« 
degtfee  -halo  subtends  an  arc  of  22  degrees.  Tl\ls 
simply  meafls  that  the*  radius  'of  thVhalo  Is' 
equal  to  a  22-degree  angle  as  measured  by  an' 
observer  on  earth.  Halos  of  otfrer  sizes  ai£ 
formed  In  the  same  manner.  t 

CORONAS     '  •  '* 

VA  corona  is  a  luminous  ring  surrourfdlng  the 
sun  (solar)  or  moon  (lunar)  and  Is  formed  by 
DIFFRACTION  of  light  by  water  droplets.  It 
may  vary  greatly  In  size,  but  Is  usually  smaller 
than  a  halo.  All  the  spectr^  colors  may  be 
visible,  with  red  on  th#  outside,  but  frequently 
the  inner  colors  are  not  visible.  Sometimes 
the  spectral  colors  or  portions  of  them  are 
repeated  several  times  ancJ»  are  somewhat  Ir- 
regularly distributed.  This  phenomenon  Is  called 
Iridescence; 

NOTE 

At. this  point  It  Is  good  to  Review 
the  definitions  of  reflection,  refraction, 
and  diffraction.  Reflection  occurs  when 
light  simply  bounces  off  a  substance. 
,  In  reflection/  the  angle  at  which  light 
.arrives  (angle  of  Incidence)  Is  equal  to 
the  angle  at  which  It  bounces  off  (angle 
of  reflection).  In  refraction,  the  light 
enters  the  substance,  Is  bent  within  the 
substance,  and  leaves  at  an  angle  dif- 
ferent from'  that  at  which  It  entered/ 
Prisms  are  good  refractors;  and  be-* 
oause .  they  are  regular  In  shape,  the 
•  angle  of  refraction  can  be  calculated. 
-  Diffraction.  Is  similar  to  scattering. 
It  occurs  when  the  particles  causing 
-  *  the  diffraction  kre  larger  In  diameter 
Jfon  the  wavelength  of  the  light,  re- 
sulting In  the  dispersion  of  light.  In  .w 
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the  case  of  coronas,  the  dlffractlve 
agents— aWlKe  "water  droplets  of  mid-* 
clouds.  " 


^RAINBOWS 


The  rainbow  is  a  circular  arc  seen  opposite 
the  sun,  usually  exhl^ltln^  all  the  primary  colors, 
with  red  on  the  outride.  It  15  caused  by  diffrac- 
tion,,  refraction,  and  .reflection  of  light  within 
raindrops,  often  with  a.  secondary  bow  outside^ 
Le.  primary  one.  In  "this  case  the  colctrs  arj 
ersed.  The  colors  of  a  rainbow  are  red  to' 
ue  and  violet.*  -  v 


ran 


roGtfows 

fogbow  Is  a  whitish  semicircular -arc* 
seeh  opposite  the  sun  In  fog.  Its  outer  margin 
has  \  reddish  tinge;  Its  lnneif  margin  has  a- 
bluish \lrige.  The^  middle  of  the  band  Is  white. 
An*addlWnal  bow',  with  the  colors  reversed, 
sometlnfesN^ppears  Inside  the  fl^st/ 

AURORAS  ( 

An  aurora #  Is  a  luminescence  In  the  atmo-  / 
sphere.  It  Is  primarily  an  electrlcarphenon^on 
Involving  charged  particles  In  the  upper  aRff<S?**^^> 
Sphere   In  the  higher  latitudes  In  both  hemi- 
spheres. It  Is  olosely  associated  with  magnetic 
storms.  An  aui^ra  may  appear  in  such  forms  as* 
ayes,  ray^curtalntfrcqronas,  etc.  In  the  Northern 
Hemisphere  It  Is  called  aurora  borealls;  In  the 
Southern  Hemisphere  It  Is  known  as  aurora 
australls.  Auroras  are  usually  whitish!  but  they  _ 
may  have  various  colors.  The  lower  edges  of  the 
arcs  and  curtains  of  the  aurora  are  usually 
fairly  well  defined;  the  upper  edges  are  usually 
lll-deflned. 

AlftGLOW 

Alrglow  Is  similar  In  origin  and  nature  to 
auroras;  It,  too,  Is  an  upper  atmospheric  elec- 
trlckl  phenomenon.  The  main  differences  be- 
tween alrglow  ahd  aurora  are  that  alrglow  Is 
quaslsteady  ("quasi" '  means  seemingly)  In  ap- 
pearance, Is  much  fainter  than  aurora,  and 
appears  In  the  middle  and  lower  latitudes. 


LITHOMETEORS 

^  Along  wlth^hydrometeors,  due  consideration 
must  be  given  to  lithometeors,  since  they  affect. 


s 


3ui 


9 

ERIC 


1 


.  the  state  of  the  atmosphere.  Lithometeors  com-. 
.  prise -a  class  of  atmospheric  phenomena  among 
»  ,  which  dry  haze  ancVsmoke  are  the  most  com- 
mon examples-.  In  contrast  to  t  hydrometeor 
which  consists  largely  of 'water,  a  lithometeor 
is  composed  of  solid  dust  or  sand  particles,  or 
the  ashy  products  of  combustion. 

HAZE 

Haze  is  suspended  dust'  or  salt  panicles  so 
small  that  ■  they  cannot  be  individually  felt  or 
seen  by  the.  unaided  eye.  They 'reduce  visibility 
and  lend  a  characteristic  opalescent  appearance 
to  the  air.  Haze  resembles  a  uniform  veil  over 
■  _  .the  landscape  that  subdues  its  colors.  This  veil 
has  a  bluish  tinge  when  viewed  against  a  dark 
background  and  a  dirty  yellow  or  orange  tinge 
when  viewed  against  a  bright  background. .  , 

Irregular  differences'-ln  air  temperature  may 
cause  a  shimmering  veil  over  the  -landscape, 
ihis  is  called  optical  haze. 

r  ' 

SMOKE 

,  •  Smoke  is  fine  ash  particles  suspended  in  the 
atmosphere.  When  smoke  is  present,  the  disk 
of  the  sun  at  sunrise^and  sunset  appears  very 

•  red  and  during  the  daytime  has  a  reddish  tinge 
«Smoke  at  a  distance,  such  as  from  forest  fires' 

usually  has  a  light  grayish  or  bluish  color  and 

•  is  evenly  distributed  in  the  upper  air. 

DUST 

Dust  is  finely  divided  solid  matter,  uni- 
formly distributed  in  the  air.  It  imparts  a 
tannish  or  grayish  hue  to  distant  objects  The 

•  sun's  disk  is  pale  and  colorless  or  has  a  yellow 
tinge  at-all  periods  of  the  day? 


..SAND 

Fine  particles  of  sand  picked  up  from  the 
surface  by  the  wind  and-  blown  about  in  clouds 
or  sheets  constitute  a  troublesome  lithometeor 
in  some  regions. 

IGNEOUS  METEORS 

lightning  is  the  only  common  igneous  meteor 
of  trfiportance  in  meteorology.  It  is  a  visible 
elec/rical  discharge  occurring  in  the  atmosphere 
It  occurs  as  a  discharge  within-  a  cloud,  from 


cloud  to  cloud,  or  between  clouds.and  the  ground: 
Distant  lightning  is  any  lightning  that  occurs  sjb 
far  from  the  observer  that  the  resulting  thurider 
cannot  be  heard.  It  may  be  observed  as  streaks 
or  sheets.  . 


HYDRCMETEORS 


Hydrometeohr"  are  composed  primarily  of 
water  in  either  liquid  or  solid  st&te.  Hydro- 
meteors  comprise  all  forms  of  precipitation, 
such  as  rain,  drizzle,  snow,  and  hail,  and  such 
elements  as  clouds  and  fogs.  , 


.PRECIPITATION 


Precipitation  includes  all  forms  of  moilture 
that  fall  to  the  earth's  surface,  such  \s  lain 
snow,  hail,  drizzle,  etc.  Dew  and  frost  arl  not 
forms  of  precipitation,  although  they  are  hydro- 
meteors.  They  are  treated  in  a  separate  section. 

Precipitation  is  classified  according  to.both 
its  form  (liquid,  freezing,  and  solid)  and  size 
(and  rate  of  fall).  The  size  of  precipitation  drops 
determines  their  rate  of  fall  to  a  large  extent. 
Also,  the  size  determines  some  of  the  different 
types  of  precipitation.  Droplets  with  a  diameter 
•somewhat  less  than  0.2  mm  constitute  precipita- 
tion which  usually  evaporates  before  it  reaches 
the  ground-  VIRGA.  Droplets  with  *  diameter  of 
less  than  0.02  inch  (0.5  mm)  constitute  DRIZZLE, 
and^he  larger  droplets  constitute  RAIN.  Droplets 
with  a  diameter  less  than  0.1  mm  do  not  fal*and 
are  not  classified  as  precipitation.  They  are 
referred  to  as  cloud  droplets. 


Rain      -  5 

Precipitation  which  reaches  the  earth's  sur- 
face as  water  ^droplets  with  a  diameter  of  0.02 
inch  (0.5  mm)  or  more  is  classified  as  rain. 
If  the  droplets'  freeze  on  contact  with  the  ground 
or  other  objects,  the  precipitation  is  classified 
as  freezing  rain.  Rain  emanating  from  convec- 
tive  clouds  is  referred  to  as  rain  showers. 
Showers  usually  start  and  stop-rather  suddenly; 
they  are  quite  intermittent  in  character;  and  the 
drops  of  which  they  are  composed  are  usually 
larger  and  the  impact  (therefore  the  intensity) 
of  the  -drops  4  s  greater  than  with  other  types  of 
rain. 
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Drizzle 

Drizzle  consists  *of  very  sm&ll  and  uni- 
form?y  dispersed  droplets  that  may  appear  to 
float  while  following  air  currents.  Sometimes 
drizzle  is  referred  to  as  misH.  Unlike  fog  drop- 
lets, drizzle  falls  to  the  ground.  However,  the 
rate  of  fall  is  very  slow.  The  slow  rate  of  fall 
and  the  small  size  of  the  droplets  distinguish 
drizzle  from  rain.  When  the  droplets  freeze  on 
contact  with  the  ground  of  other  objects,  they 
are  called  freezing  drizzle.  Drizzle  always  re- 
stricts visibility. 

Snow 

Snow  cTnsists  of  white  or  translucent  ice 
crystals.  In  their  pure  form  the  ice  crystals 
are  highly  complex,  hexagonally  branched  forms. 
'However,  most  snow  falls  as  parts  of  crystals,  - 
'as  individual  crystals,  or  more  commonly  as 
clusters  and  combinations  of  these.  Snow  occurs 
in  meteorotogiogl  conditions  similar  to  those 
in  which  rain  occurs,  except  that  with  snow  the 
initial  temperatures  must  be  at  or  below  freez- 
ing. Snow  falling  from  convective  clouds  is  termed 
snow  showers • 

Snow  Pellets  (Soft  Hall) 

Sometimes  called  soft  hail,  snow  pellets  are 
white,  opaque,  round  (or  occastaflally  conical) 
kernels  of  snowlifce^  conslstendff  1/16  to^  1/4 
inch  in  diametej.  They  are  Ipisp  and  easily 
compressible.  They  may  rebound  or  burst  when 
striking  hard  surfaces.  They  occur  almost  ex- 
clusively in  showers. 

Snow  Grains 

Sometimes  called  granular  snow,  snow  grains 
take  the  form  of  minute,  branched,  starlike 
snowflakes,*  or  of  very  fine  simple  crystals. 
They  are  the  solid  equivalent  of  drizzle  with 
diameters  generally  less  than  0.04  inch  (1  mm). 


Sleet  (Ice  Pellets) 

Sleet,  sometimes  called  ice  pellets,  is 
composed  of  frozen  raindrops  or  drizzle  or 
largely  melted  and  refrozen  snowflakes  that 
rebound  when  striking  hard  surfaces.  Their 
fall  may  be^continuojus,  Intermittent,  or  show- 
ery. 


Hail  * 

Ice  balls  or  stones  which  range  in  diameter 
from  that  of  a  medium-size  raindrop  to  an 
inch  or  more  are  referred  to  as  hail.  They 
may  fall  detached  or  frozen  together  into  ir- 
regular, lumpy  masses.  They  are  composed 
either  of  clear  ice  or  of  alternating  clear  and 
opaque  snowflake  layers.  Hail  forms  in  cumulo- 
nimbus clouds  and  is  associated  wrth  thunder- 
shower  activity.  Surface  temperatures  are  usually 
ftbove  freezing  when  hail  occurs.  Determination 
of  size  is  based  on  the  -diameter,  in  inches, 
of  normally  shaped  hailstones. 

Precipitation  Theory 

Precipitation  is  an  outgrowth  of  condensa- 
tion. The  condensation  theory  is  discussed  in. 
this  section  under  "Cloud  Formation."  The 
main  concern  at  the  present  time  is  with  the 
growth^ Of  condensed  water  droplets  and  their 
subsequent  descent  to  the  aarth's  surface. 

Several  theories  have  been  formulated  in 
regard  to*  the  growth  of  raindrops,  and  all  of 
them*  have  some  validity.  The  theories  which 
are  most  widely  accepted  today  are  treated  here 
in  combined  form. 

Raindrops  grow  In  size  primarily  because 
water  exists  In  all  three  phases  In  the  atmo- 
sphere, and  the  air  is  supersaturated  at  times 
(especially  with  respect  46  ice)  due  to  adiabatlc 
expansion  and  radiational  cooling.  This  means 
that  ice  crystals  coexist  with  liquid  water  drop- 
lets in  the  same  cloud.  The  difference  In  the 
vapor  pressures  between  the  water  droplets  and 
the  ice  crystals  causes  water  droplets  to  evap- 
orate and  then  to  sublimate  directly  onto  the 
ice  crystals.  Condensation  alone  does  not  cause 
droplets  of  water  to  'grow  in  size.  The  turbu- 
lence in  clouds  permits  this  droplet  growth  proc- 
ess and  aids  it.  After  the  droplets  become 
largerl  they  start  to  descend  and  are  tossed  up 
again  in  turbulent  updrafts  within  the  cloud.  The 
repetition  of  ascension  and  descension  causes  the 
ice  crystals  to  grow  larger  (by  water  vapor 
sublimating  onto  the  Ice  crystals)  until  finally 
they  are  heavy  enough  to  fall  out  of  the  cloud 
as  some  form  of  precipitation.  It  is  believed 
that  most'precipitation  in  the  midlatitudes  starts 
as  ice  crystals  and  that  most  liquid  precipitation 
results  from'  melting  during  descent  through 
a  stratum  of  warmer  air.  It  is  generally  believed 
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that  -most  rain  in^the  Tropics  forms  without 
going  through  the  ice  phase,  t 

In  addition  to  the  above  process'  of  droplet 
growth,  simple  ACCRETION  is  important.  The 
droplets  colliding  with  other  smaller  ones  simply 
hold  the  smaller  ones,  and  the  droplets  thereby 
accumulate  more  layers.  During  the  growing 
process,  the  droplets  which  form  the  outer 
layers  are  frozen  onto  the  larger  droplets.  This 
process  of  accretion  i^thought  to  be  especially 
effective  ,n  the  growth  of  hail.  There  are,  to 
be  sure,  other  factors  which  explain  in  part 
the  growth  of  precipitation,  but  the  aforemen- 
tioned processes  are  the  primary  one.s. 

tLOVDS  *  r' 


A  cloud  is  a  visible  mass  of  minute  water 
droplets,  or  ice   particles,   suspended  in  the 
^atmosphere.  It  differs  from  fpg  in  that  it  do^s 
•  not  r$ach  to  the  surface  of  the  earth.  Clouds 
are  a  direot  expression  of  the  physical  proc- 
esses which  are  taking  place  in  the  atmosphere 
An  accurate  description  of  both  type  and  amount 
plays  an  important  part  in  the  analysis  of  the 
.  weather  and  in  forecasting  the  changes  which 
are  taking  place  in  the  weather. 

Cloud  Formation 

To  be  able  to  thoroughly  understand  clouds, 
you  -must  know  the  physical  processes  which 
form  clouds. 

Three  conditions  must  be  met  before  clouds 
can  form  as  a  result  of  condensation-pres- 
ence of  sufficient  moisture,  a  cooling  process, 
and  hygroscopic  or  sublimation  nuclei  in  the 
atmosphere.  Moisture  is  supplied  to  the  atmo- 
sphere by  evaporation  and  is  distributed  hori- 
zontally and  vertically  by  the  winds  and  vertical 
currents.  The  first  task  is  to  consider  the  hy- 
groscopic and  sublimation  nuclei. 

Hygroscopic  nuclei  are  particles  of  any 
nature  on  which  condensation  of  atmospheric 
moisture  occurs  as  a  liquid.  It  can  be  said 
that  hygroscopic  nuclei  have  >an  affinity  for 
water  or  that  they  readily  absorb  and  retain" 
water.  The  most  effective  hygroscopic  nuclei  are 
the  products  of  combustion  (sulfuric  and  nitric 
acids)  and  salt  sprays.  Some  dust  particles 
are  also  hygroscopic,  but  not  effectively  so. 
As  ha?  been  stated,  the  presence  of  hygroscopic 


nuclei  is  a  must.  Water  vapor  does  'not  readily 
condense  without  their  presence.  Air  has  been 
supersaturated  in  laboratories  to  over  400  per- 
cent before  condensation  began  when  there  were 
no  hygroscopic  nuclei  present.  On  the  other 
hand,  condensation  has  been  induced  with  rela- 
tive humidities  of  only  70  percent  when  there 
was  an  abundance  of  hygroscopic  nuclei. 

« 

The  condensation  which  results  when  all 
three  mentioned  conditions  are  fulfilled  is  in 
the  f^rm  of  clouds,  fogs,  or  haze.  Fogs  are 
merely  clouds  on  the  surface  of  the  earth.  Fogs 
receive,  treatment  in  a  separate  portion  of  this 
section* 

in  our  industrial  cities  inAwhich  byproducts 
of  combustion  are.  profuse,  the 'distinction  be- 
tween smoke,  fog,  and  haze  is  not  easily  dis- 
cernible, A  combination  of  smoke  and  fog  gives 
rise  to  the  existence  of  the  so-called  "smogs'" 
which  are  characteristic  of  t'hese  industrial  areas. 

Little  is  known  about  the  properties  of  sub- 
limation nuclei,  although  it  is  believed  that  they 
are  essential  for  sublimation  tp  occur  at  all. 
It  is  assumed  that  sublimation  nuclei  are  very 
small  and  very  rare,  possibly  of -a  quartz  or 
meteoric  dust  origin,  All  cirriform  clouds  are 
composed  of  ice  crystals  and  are  believed  to  be 
formed  as  a  result  of  direct  sublimation,  Sub- 
limation is  the  process  whereby  water  vapor 
changes  into  ice  without  passing  through  the 
liquid  stage. 

In  the  atmosphere,  water  clouds,  water  and 
ice  crystal. clouds,  and  pure  ice  crystal  clouds 
may  exist  at  the  same  time.  £ 

Next  under  consideration  is  the  cooling  proc- 
ess which  may  induce  condensation.  There  are 
several  processes  by  which  the  air  is  cooled- 
convective  cooling  by  expansion,  mechanical  cool- 
ing by  expansion,  and  radiational  cooling.  Any  of 
the^ three  methods  may  be  working  in  conjunction 
with  another  method,  thus  making  it  even  rr.ore 
effective.  The  methods  are  as  follows: 

1.  Convective  cooling.-  The  ascent  of  a 
limited  mass  of  air  through  the  atmosphere  due 
to  surface  heating  is  called  thermal  convection. 
If  a  sample  of  air  is  heated,  it  rises  (being  less 
dense  than  the  surrounding  air)  and  decreases 
in  temperature  at  the  day  adiabatic  lapse  rate, 
(An  adiabatic  process  is  one  in  which  no  heat  is 
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adcfcd  to  or  taken  away  from  the  mass  of  sAr 
by  exchange  with  Its  environment  during  the  # 
process.)  The  parcel  of  air  continues  to  rise 
until  the  surrounding  air  has  a  temperature 
equai  to,  or  higher  than,  the  parcel  of  air. 
Then  convection  ceases.  Cumuliform  clouds  are  • 
formed  by  this 'means  with  their  bases  at  the 
altitude  of  saturation  and  their  tops  at  the  point 
where  the  temperature  of  the  surrounding  air 
is  tne  same  as,  or  greater  than,  'the  tempera- 
ture of  the  parcel  of  air. 

v 

2.  Mechanical  cooling.—  In  thisjsectlon, 
orographic  and  frontal  processes  for  cloud  for- 
mation are  discussed  as  follows? 

a.  Orographic—  If  air  Is  compara- 
tively moist  and  is  lifted  over  mountains  or 
hills*  clouds  may  often  be  formed.  THe  t^pe  of 
cloud  depends  upon  the  lapse  rate  (the  rate  of 
decrease  in  temperature  with  Increase  In  height 
unless  otherwise  specified)  of  the  surrounding 
air.  If  the  lapse  rate  is  weak  (that  Is,  a  small 
rate  of  cooling  with  an  increase  In  altitude),  the 
clouds  formed  are  of  the  stratiform  type.  If 
the  lapse  rate  of  the  surrounding  air  Is  steep 
(that  is,  a  large  rate  of  cooling  with  Increasing 
altitude),  the  clouds  formed  are  of  the  cumuli- 
form  type. 

:b.  Frontal.—  In  the  discussion  of  blouds 
being  formed  by  frontal  slopes,  we  haye  two 
huge  masses  of  air,  each  having  its  own  char- 
acteristic properties.  Due  to  the  difference  of 
density,  the  two  air  masses  do  not  readily  mix. 
Wavm  air  is  less  dense  than  cold  air.  There- 
fore, the  warm  air  moves  up  over  the  cold 
air.  The  cold  air  acts  like  an  Inclined  plane, 
and  the  boundary  between  the  two  masses  of 
.air  is  called  the  frontal  surface. 

It  warm  air  flows  slowly  up  over  a  cold 
mass  pf'air,  the  air  Is  cooled  adlabatlcally  to 
Its  dewpolnt  and  stratified  clouds  are  formed,  On 
the  other  hand,  if  cold  air  pushes  under  warm 
air,  the  warm  is  forced  aloft  rapidly,  and  upon 
condensation,  cumuliform  clouds  result. 

3.  Radiational  cooling.—  At  night  the  earth 
reradlates  long-wave  radiation,  thereby  cooling 
rapidly.  The  air  In  contact  with  the  surface  is 
not  heated  by  the  outgoing  radiation  but,  In- 
stead, Is  cooled  by  contact  w|th  the  cold  surface. 
This  contact  cooling  lowers  the  temperature 


of  the  air  near  the  surface,  causing  a  surface 
Inversion,   If  the  temperature  of  the  air  is 
cooled  to  Its  dewpolnt,  fog  and/or  low  clouds 
form.  Clouds  formed  in  this  manner  dissipate  > 
during  the  day  due  to  surface  heating. 

4 

Cloud  Classification 

The  international  classification  which  has 
been  adopted  by  most  countrl^  Is  a  gjreat  help 
to  pilots  and  meteorological  personnel  alike.  The 
Importance  of  an  International  classification  of 
clouds  cannot  be  overestimated/  since  It  t4nds 
to  mal^  cloud  observations  standard  throughout 
tlie  world.  As  for  the  pilot,  If  he  can  properly 
Interpret  the  meaning  of  clouds,  he  Is  usually 
able  to  avoid  the  types  which  are  dangerous  to 
aircraft. 

Clouds  have  been  divided  into  3  stages,  10 
genera,  14  species,  and  9  varieties.  This  classi- 
fication is  based  primarily  on  the  process  which" 
produced  the  clouds.  Although  clouds  are  con- 
tinually in  a  process  of  development  and  dissi- 
pation, they  nevertheless^  have  many  distinctive 
features  whlc^ make  this, classification  possible.  * 

ETAGES.—  Observations  have  shown  that 
clouds  are  generally  encountered  over  a  range 
of  altitudes  varying  from  sea  level  to  about 
60,000  feet  In  the  Tropics,  to  about  45,000  fe^t 
In  middle  latitudes,  and  to  about  25,000  ie&rin 
polar  regions.  .  By  convention,  the  part  of  the 
atmosphere  in  whjch  clouds  are  usually  present 
has  been  vertically  divided  into  three  etages— 
high,  middle,  and  low.  Each  etage  ls#  defined 
by  the  range  of  levels  at  which  clouds  of  certain 
genera  occur  most  frequently, 

Cirrus,  cirrpcumulus,  and  cirrostratus  are 
always  found  In  the  high  etage.  Altocumulus 
and  aitostratus  are  found  In  the  middle  etage, 
but  aitostratus  may*  often  extend  Into  the  high 
etage.  Nlmbostratus  Is  Invariably  found  in  the 
middle  etage,  but  may  extend  Into  the  high,  and 
especially  the  low  etage.  Cumulus,  cumulonimbus, 
stratus,  and  stratocumulus  are  always  asso- 
ciated with  the  low  etage,  but  the  tops  of  cumulus 
or  cumulonimbus  may  extend  Into  either  or  both 
of  the  two  other  etages. 

The  HIGH  ETAGE  extends  from  about  10,000 
to  25,000  feet  In  polar  regions,  16,500  to  45,000 
f#et  in  temperate  regions,  and  20,000  to  60,000, 
feet  In  tropical  regions. 
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The  MIDDLE  ETAGE  extends  from  about 
6,500  to  13,000  feet  in  polar  regions,  6,500 
to  23,000  feet  in  temperate  regions,  and  6,500 
to  25,000  feet  in  tropical  regions. 

The  LOW  ETAGE  extends  from  near  the 
earth's  surface  to  6,500  feet  in  all  regions  of 
the  earth. 

GENERA.—  The  genera  of  clouds  are  as 
follows:  f% 

1.  Cirrus  (CI).-  Thin  featherlike  clouds. 

2.  Cirrocumulus  (Cc).-  Thin  cotton  or 
flake-like  clouds. 

3.  Clrrostratus   (Cs).-   Very  thin,  high 
sheet  cloud.  '  -  ° 


4.  Altocumulus  (Ac).- 
clouds. 


Sheep- back-like 


5.  Altostratus 
form  sheet  cloud. 


(As).—  Medium  high, 


uni- 


6.  Nlmbostratus  (Ns).- 
rainy  layer. 


Low  amorphous  and 


\  7. 
or  rolls, 


Strat^umulus 


(Sc).—  Globular  masaes 


of 


8.  Strajus  (St).-  :Low,  uniform  sheetcloud. 

. 

9.  Cumulus   (Cu^-  Dense,  dome-shaped 
puffy  looking  clouds.  • 

10.    Cumulonimbus  (Cb).-  Cauliflower  tow- 
ering clouds  with  cirrus  veils  on  top. 

9 

SPECIES.-  The  following  are  the  definitions 
the  various  species  of  cloiMte.  The  cloud 
genera  in  which  these  species  generally  occur 
are  also  mentioned.  In  addition,  the  species  are 
also  enumerated  under  Individual  cloud  descrip- 
tions. 

1.  Flbratus.—  Detached  clouds  or  a  thin 
cloud  veil,  consisting  of  nearly  straight  or  more 
or  less  irregularly  curved  filaments  which  do 
not  terminate  In  hooks  or  tufts.  The  term  applies 
mainly  to  cirrus. 

2.  Unclnus.—  Cirrus  often  shaped  like  a 
comma,  terminating  at  the  top  In  a  hook,  or  in 


a  tuft  which  is  not  in  the  form  of  a  rounded 
protuberance. 

i 

3.  Spissatus.—  Cirrus  which  is  sufficiently 
thick  to  appear  grayish  -when  viewed  towards 
the  sun. 

/ 

4.  Castellanus.—  Clouds  which  present,  in' 
Subtest  some  portion  of  their  upper  part,  cumult- 

r  form  protuberances  in  the  form  of  turrets.  The 
turrets,  which  are  generally  taller  than  they 
are  wide,  are  connected  to  a  common  base.  The 
term  applies  mainly  to  cirrocumulus,  altocu^ 
mulus,  and  stratocumulus,  but  especially  alto- 
cumulus. I 

5.  Floccus.-   A  species   in  which  each 
'   cloud  unit  Is  a  small  tuft  with  a  cumullform 

appearance,  the  lower  part  of  which  Is  mtfre  or 
less  ragged  and  sometimes  accompanied  by  virga. 
The  term  applies  mainly  to  cirrocumulus  anoT 
altocumulus,  but  especially  altocumulus. 

6.  Stratiform  is.-  Clouds  which  are  spread 
out  j£  an  extensive  horizontal  sheet  or  layer. 
The  term  applies  to  altocumulus,  stratocumulus, 
and  occasionally  to  cirrocumulus.       &  • 


7.  Nebulosus.-  A  cloud  like  a  nebulous 
veil  or  layer,  showing  no  distinct  details.  This 
term  applied  mainly  to  clrrostratus  and  stratus. 


8.   .Lentlcularls,—  Clouds 
of  lenses  or  almonds,  often 
having  well-defined  outlin^ 
mainly  to  cirrocumulus,  alto 
cumulus. 


f  :h§  shape 
tgat^d  and 
m  applies^ 
and  strato- 


9.  Fractus.-  Clouds  In  the  form  of  Irreg- 
ular shreads,  which  have  a  clearly  ragged  ap- 
pearance. The  term  applies  only  to  stratus  and 
cumulus. 

10.  Humllls.—   Cumulus  clouds  of  only 
slight  vertical   extent;   they  generally  app 
flattened.  *, 

11.  Mediocris.-  Cumulus  clouds  'of  mod- 
erate vertical  extent,  the  tops  of  which  show 
fairly  small  protuberances.  , 

( 

12.  Congestus.-  Cumulus  clouds  which  are 
markedly  sprouting  and  are  often  of  great  verti- 
cal extent.  Their  bulging  upper  part  frequently 
resembles  cauliflower. 
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137    Calvus.—   Cumulonimbus  in  which  at 
least  some  protuberances  of  the  upper  part  are 
beginning  to  lose  their  cumuliform  outlines  but 
r  in  which  no  cirriform  parts  can  be  distinguished. 

14.  Capillatus.—  Cumulonimbus  character- 
ized by  the  presence,  mostly  in  the  upper  por- 
tion, of  distinct  cirriform  parts  of  clearly  fibrous 
structure.   Often  •  appears  in  the  form  of  arv 

anvil,  plume,  or  vast  disorderly  mass  of  hair. 
v 

VARIETIES,—  Varieties  of  clouds  are  es- 
tablished mainly  bn  the  basis  of  the  cloud's 
transparency  or  its  arrangement  in  the  sky.  The 
varieties  are  nine  in  number;  but  since  observa- 
tions of  clouds  do  not  ordinarily  ipvolve  the  re- 
cording of  the  specific  variety,  they  are  not 
covered  here.  A  detailed  description^f  the 
several  varieties  can  be  found  in  the  Internation- 
al Cloud  Atlas.  However,  a  jknowledge  of  the 
varieties  of  a  species  of  clouds  aids  you,  the 
observer,  greatly  in  identifying  the  ploud;  and 
for  tMs  reason,  we  urge  you  to  read  thfc  Inter- 
national Cloud  Atlas. 

SUPPLEMENTARY  FEATURES.-  Supple- 
mentary features  t  and  accessor^  clouds,  like 
the  varieties,  aid  in  the  clear  identification  of 
clouds.  Supplementary  features  are  incus,  mam- 
ma, virga,  praecipitatio,  arcus,  and  tuba.  They 
are  defined  and  associate4  with  the  parent  clouds 
in  tne  next  portion  on  Cloutf  Description.  * 

The  accessory  clouds  are  those  cloud  forms  ' 
which  are  distinct,  but  which  are  relatively 
minor  in  v^rtjcaj^or  horizomJcr,*Sxtent,  and  ^e 
definitely  associated*  wuh,  tfcte  parent  clouds. 
The  accessory  clouds  are*  gheus,  velum,  and- 
pannus*  These  terms  are  defined  next. 

Cloud  Description  , 

Clouds  are  named  and  described  with  Latin 
term3.  Therefore, -it  is  necessary  for  the  Marine 
Science  Technician  to  become  familiar  with 
the  terms  used  in  these  descriptions.  The  mean- 
ing of  the  Latin  worte  suggests  the  shape  of 
the  cloud.  Later  iij  this  training  course,  these 
terms  are  again  used  when  you  observe,  log, 
encode,  'and  decode  clouds  during  the  process 
of  an  observation.  The  important  Latin  terms 
along  with  the  associated  eloud  genera  or  species 
are  as  follows: 

1,    Arcus.—  Arch,  arcade,  bow  (Cb,  Cu), 


2.  Alto.—  Hfeight,  upper  air. 

3.  ,  Calvus.-   Bald,  stripped,  bared  (Cb). 

4.  Capillatus.-  With  hair  (Cb). 

5.  Castellanus.-  Castlelike  (Cc,  Ac,  Sc).' 

6.  Cirrus.—  Lock  or^tuft  of  hair. 

T.    Congestus.—  Congested,  piled  up  (Cu, 
Cb). 

8.  Cumulus.—   Pile,   heap,  accumulation. 

9,  .Duplicatus.—  Doubled  or  repeated  (Ci, 
Xs,  Ac,  As,  Sc). 

10.  Fibratus.-  Fibrous  (Ci). 

11.  Floccus.-  Fluff  or  tuft  (Cc,  Ac). 

•"12.  Fractus.—   Fracture,   break   (St,  Cu). 

13.  Humilis.-  Small,  humble  (Cu).  * 

14.  Incus.-  Anvil  (Cb). 

15.  Intortus.—  Twist,  entangle  (Ci). 

16.  Lenticularis.—  Lenticular,  Lens  shaped 
(Cc,  Ac,  Sc). 

17.  Mamma.—  Breast  or  pouch  (Ac,  As, 
Sc,  Cb). 

18s   Medio^ris.—  Medium  (Cu). 

19.  Nebulosus.—  Nebulous,  misty,  foggy 
'(Cs,  St).  ^ 

20.  Nlmbo,—  Rainy  cloud. 

21.  Opacus.-  Shady,  thick,  bushy  (Ac,  As, 
Sc,  St). 

22.  Pannus.—  Shreds.  {Ragged  shreds  some- 
times in  layers,  below  or  attached  to 
As,  Ns,  Cu,  Cb,) 

23.  Perluctdus.—  To  allow  light  to  pass 
through  (Ac,  Sc) . 

24.  Pileus.-  Cap  (Cu,  Cb). 

25.  Praecipitatio.—  To  fall  down  (from  a 
high  place)  (As,  Ns,  Sc,  St,  Cu,  Cb). 

26.  Radiatus.—  Being  radiant,  having  rays 
(Ci,  Ac,  As,  Sc,  Cu). 

'27,    Spissatus.—   To  thicken,   to  condense 
(Gi).-  { 

28.  Stratus.—  Spread  or  flatten  out. 

29.  Translucidus.—  Transparent  (Ac,  As, 
Sc,  St). 
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Figure^.—  Cirrus. 


30.  Tuba.—   Tube,  conduit,   trumpet  (Cb, 

31.  *  Uncinus.—  Hook  shaped  (Ci). 

32.  Undulatus.—  Waved,  wavelike  (Cc,  Cs, 
Ac,  £s,  Sc,  St). 

# 

33.  Virga.—  Rod,  stick,  (Streaks  of  pre- 
cipitation which  evaporate  before  reach- 
ing the  surface-.)  (Cc,  Ac,  As,  Ns,  Sc, 
Cu,  Cb.) 

34.  Velum.—  Veil.  (Accessory  cloud  veil, 
close  to  or  attached  to  uppet  portion 
of  Cu  or  Cb.) 


HIGH  CLOUDS, 
as  follows: 


High  clouds  are  described 


1.  Cirrus  (Ci).—  Cirrus  (figure  7)  are 
detached  clouds  of  delicate  and  fibrous  appear- 
ance, generally  white  (cirrus  are  the  whitest 
clouds  in  the  sky)  in  color,  without  shading. 
They/ appear  in  the  most  varied  forms,  such 


as  isolated  tufts, *  lines  drawn  across  the  sky, 
y branching  featherlike  plumes,  and  curved  lines 
ending 46  tufts. 


me 
«1* 


Since  cirrus  are  composed  of  ice  crystals, 
ir  transparent  character  depends  upon  the 
Fgree  of  separation  of  the  crystals. 


Before  sunrise  and  after  sunset,  cirrus  may 
still  be  color^l  bright  yellow  dr  red.  Being 
high  altitude  cyuds,  they  light  up  before  lower 
clouds  and  fade  out  much  later. 

Cirrus  often  indicate  the  direction  in  which 
a  storm  may  lie. 

Cirrus  appear  in  the  following-  species- 
cirrus  fibratus,  cirrus  uncinus,  cirrus  3p)s- 
satus,  cirrus  castellanus,  and  cirrus  flocous. 
In  addition,  these  species  may  have  several 
varieties. 

2.  Cirrocumulus  (Cc).—  Cirrocumulus  (fig- 
ure 8),  commonly  called  mackerel  sky,  look  like 
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Figure  8.—  Cirrocumulus. 


Figure  9.—  Cirrostratus.  i 


rippled  sand  or  like  cirrus  containing  globular 
masses  of  cotton  usually  without  shadows.  Cir- 
rocumulus are  ai^  indication  that  a  stormT  is 
probably  approaching.  The  individual  globule^ 
of  cirrocumulus  are  rarely  larger  than  1  degree 
as  measured  by  an  observer  on  the  surface  of 
the  earth  at  or  near  sea  level. 


Cirrocumulus  may  be  observed  in  four  spe- 
cies—cirrocumulus  stratiformis,  cirrocumulus 
lenticularis,  cirrocumulus  castellanus,  and  cir- 
rocumulus floccus, 

-  3.  Cirrostratus  (Csh—  Cirrostratus  (fig- 
ure 9)  are  a  thin,  whitish  veil,  .which  does  not 
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Figure  10.-  Altocumulus  advancing  over  the  sky  in  parallel  bands'. 

Altocumulus  are  divided  into  four  species- 
altocumulus  stratiformis,  altocumulus  lenticu- 
laris,  altocumulus  castellanus,  and  altocumulus 
•  floccus.   In  addition,  altocumulus  may.  be  ob- 
served in  several  more  varieties. 


blur  the  outlines  ,of  the  sun. or  the  moon,  but 
gives  rise  to  ha|bs.  A  milky  veil  of  fog,  thin 
stratus,  and  altosWus  are  distinguished  from 
a  >eik*of  cirrostratus  of  similar  appearance  by 
the  halo  phenomenon,  which  the  sun  or  moon 
nearly  always  produces  in  a  layer  of  cirrostratus 


The  appearance  of  cirrostratus  is  a  good 
indication  of  rain.  In  the  Tropics,  however,  cir- 
rostratus quite  often  may  be  observed  with  no 
rain  following. 

Cirrostratus  occur  in  two  species— cirro- 
stratus  fibratus  and  cirrostratus  nebulosus. 

» 

MIDDLE  CLOUDS.-  Middle  clouds  are  de- 
scribed as  follows: 

1.  A^ocumulus  (Ac).-  Altocumulus  (fig- 
ure 10)  are  a  layer  (or  patches)  of  clouds  com- 
posed of  flattened  globular  masses,  the  smallest 
elements  of  the  regularly  arranged  layer  being 
fairly  small-  and  thin,  with  or  without  shading. 
The  balls  or  patches  usually  ara  arranged  in 
groups,  in  lines,  or  in  waves.  This  cloud  form 
differs  from  cirrocumulus  by  generally  having 
larger  masses,  by  casting  shadows,  and  by 
having  no  connection  with  cirrus  forms.  A  corona 
or  irisation  is  frequently  observed  on  altocum- 
ulus. 


,  2,  Altostratus  (As).-  Altostratus  (figure 
ID  look  like  thick  cirrostracus;  but  without  halo 
phenomena;  altostratus  are  a  fibrous  veU  or 
sheet,  gray  or  bluish  in  color,  SoiSetimas  the 
sun  or  moon  is  completely  obscured. 

Light  rain  or  heavy  snow  may  fall  from  a 
cloud  layer  that  is  definitely  altostratus, 
* 

Altostratus-.  can  sometimes  be  observed  at 
two  different  levels  in  the  sky  and  sometimes 
in  conjunction  with  altocumulus,  which  may  also 
exist  at  two  different  layers  in  the  sky.  Alto- 
stratus  are  not  divided  into  any  species,  bat 
several  varieties  of  these^louds  do  appear. 

/ 

\ 

LOW  CLOUDS.-  Low  clouds  are  described 
as  follows: 

1.  Nimbostratus  (Ns).-  Nimbostratus  (fig- 
ure 12)  are  a  low,  amorphous,  and  rainy  layer 
of  cloud.  Of  a  dark  gray  color,  they  are  usually 
nearly  uniform  and  feebly  illuminated,  seemirely 
from  within.  6 
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Figure  11.—  Altostratus. 


When  precipitation  occurs,  it  is  in  the  form 
of  continuous  rain  or^snow.  However,  nimbo- 
stratus  may  occur  without  rain>or'snow  reaching 
the  ground.  In  cases  in  which  the  precipitation 
does  not  reach  the  ground,  the  base  of  the  cloud 
is  usually  diffuse  and  looks  wet. 

In  most  cases,  nimbostratus  evolve  from 
altostratus  layers  which  grow  thicker  and  whose 
bases  become  lower  until  they  become  a  layer  % 
of  nimbostratus. 


Nimbostratus  are  not  divided  into  any  species 
or  varieties. 

2.  Stratocumulus  (Sc).—  Stratocumulus  • 
(figure  13)  are  a  layer  (or  patches)  of  clouds 
composed  of  globular  masses  or  rolls.  The 
^smallest  of  the  regularly  arranged  elements/are 
fairly  large.  They  are  soft  and  gray,  with  darker 
spots. 


Figure  12.—  Nimbostratus. 


Underneath  stratocumulus  waves  or  .rolls, 
strong  winds  occur*  Under  the  thick  parts,  strong 
up-currents  rise.  Above  the- cloud  layer,  the 
aire  is  smooth,  but  it  is  turbulent  below  and 
within  the  layer. 
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Figure  13.—  Stratocumulus. 


Figure  14.—  Stratus. 


Stratocumulus  appear  in  three  species- 
stratocumulus  stratiformis,  stratocumulus  len- 
ticularis,  and  stratocumulus  castellanus.  Sev- 
eral varieties  of  stratocumulus  are  also  ob- 
served. 

I 

3.  Stratus  (St),-  Stratus  (figure  14)  are 
a  low,  uniform  layer  of  ^jlouds,  resembling  fog, 


but  not  resting  on  the  ground.  When  a  layer  of 
stratus  is  broken  up  into  irregular  shreds,  it  is 
■  designated  as  fractostratus.  Stratus  nebulosus  and 
stratus  fractus  are  the  two  species  of  stratus. 
Three  varieties  of  stratus  also  form  in  the  sky. 

A  veil  of  stratus  gives  the  sky  a  character- 
istically hazy  appearance.  Usually,  drizzle  is 
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Figure  15.—  Cumulus  (congestus). 


Figure  16.—  Cumulonimbus  (capillatus). 


the  only  precipitation  associated  with  stratus. 
When  there  is  no  precipitation,  the  stratus  cloud 
form  appears  drier. than,  other  similar  forms, 
and  it  shows  some  contrasts  and  some  lighter 
transparent  parts. 


\.  Cumulus  (Cu).~  Cumulus  (figure  \5) 
are  dense  clouds  with  vertical  development. 
Their  upper  surfaces  are  dome  shaped  and 
exhibit  rounded  protuberances,  while  their  bases 


are  nearly  horizontal.  Fractocumulus  resemble 
ragged  cumulus  in  which  the  different  parts 
show  constant  change. 

^  Strong*  updrafts  exist  under  and  within  all 
cumulus  formations.  In  fact,  cumulus,  like  other 
forms  of  vertical  development,  are  caused  by 
updrafts.  * 

Four  species  of  cumulus  form  in  the  sky- 
cumulus  humilis,  cumulus  mediocris,  cumulus 
congestus,  and  cumulus  fractus. 
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5.  Cumulonimbus  (£b)'.--  Cumulonimbus 
(figure  16)  are  heavy  masses  of  cloud,  with 
great  vertical  development,  whose  cumuliform 
summits  resemble  mountains  or  towers.  Thfeir 
upper  parts  have?  a  fibrous\texture;  often  they 
spread  out  in  the  shape  of  an  anvil. 

Cumulonimbus  are  cumulus  type  clouds  with 
great  vertical  development;  tops -may  extend 
higher  than  60,000  feet.  The  top  is  cQipposed 
of  ice  crystals  and  often  resembles  an -anvil. 
Cumulonimbus  are  the  familiar  thunderclouds, 
and  their  precipitation  is  of  a  violent,  inter- 
mittent, showery  character:  Hail  often  falls 
from  well-developed  cumulonimbus. 

Cumulonimbus  appear  in  two  species— cum- 
ulonimbus, calvus  and  cumuloninibus  capillatus. 
Cumulonimbus  have  no  varieties,  although  they 
v  may  show  one  of  several  supplementary  fea- 
tures, such  as  mamma,-  pileus,  virga,  or  tuba. 
-  The  tuba  is  the  tornado  funnel. 

The  Marine  Science  Technician  must  learn 
to  infallibly  recognize  the  various  cloud  types 
as  seen  from  the  earth's  surface. 

In  figure  17  there  is  a  view  of-  all  types  of 
clouds  in  a  tier,  each  cloud  type  being  shown  at 
1  its  average  height. 

Although  one  never  sees  all  these  types  at 
any  one  time  in  nature,  quite  frequently  two  or 
three  layers  of  clo^s  of  different  types  may  be 
observed  simultaneously. 

FOG 

Fog  may  be  defined  as  a  cloud  on  the  earth's 
surface;  that  is,  visible  condensation  in  the 
atmosphere  of  sufficient  density  to  interfere 
with  marine  and  aerial  navigation.  Fog  varies 
in  depth  from  a  few  feet  to  many  hundreds  of 
feet.  Its  density  is  variable,  resulting  'in  visi- 
bilities from  near  zerp  to  several  miles. 


Fog  consists  of  visible  water  droplets  orL 
ice  particles  suspended  in  the  atmosphere.  It V 
differs  from  other  clouds  in  that  it  exists  on  the 
ground  or  on  the -surface  of  bodies  of  water, 
while  other  clouds  may  be  thousands  of  feet 
aloft.  It  differs  from  rain  or  mist  in  that  its 
water  or  ice  particles  are  more  minute  and 
suspended,  and  do  not  fall  earthward. 


The  forecasting  of,  fog  is  frequently  a  diffi- 
cult job.  In  addition  to  knowledge  of  the  meteor- 
ological causes  of  fog,formation,  it  is  necessary 
to  have  a  thorough  knowledge  of  local  geography 
and  topography,  for  a  slight  air  drainage  may 
be  enough  to  prevent  fog  formation,  or  a  quick 
shift  in  the  wind  direction  may  cause  fog,  to 
cover  an  airport. 

The  atmosphere  may  be  considered  as  a 
mixture  of  water  .vapor  in  dry  air.  The  amount 
of  water  vapor  which  the  air  can  hoJd  depends 
primarily  upon  the  temperature;   The  higher 
the  temperature,  the   more  water  .vapoi  'he 
air  can  contain.  For  any  given  amount"  of  water 
vapor,   the  temperature  can  be  reduced  just 
so  much  without  liquid' water  particles  bcingJ 
condensed  out.  If  the  temperature  drops  below 
this  point,  some  of  the  invisible  water  vapor 
must  be  condensed  out  in  the  form  of  visible 
water  droplets,  as  the  colder  air  can  no  longer 
retairKjtjnjsolution. 

The  temperature  to  which  air  must  be 
cooled,  at  a  constant  pressure  and  a  constant 
water  vapor  content,  in  order  for  saturation  to 
occur  is  the  dewpoint.  This  is  a  variable,  based 
upon*  the  amount  of  water  vapor  present  in  the 
atmosphere.  The  more  water  vapor  present,  the 
higher  the  dewpoint.  Thus,  the  ^ewpoinf  is  really 
an  index  of  the  amount  of  water  vapor  present 
in  the  air  at  a  given  pressure. 

The  two  manners  in  which  the  temperature 
and  dewpoint  may  be  .made  to  coincide  are  as 
follows: 

1.  By  raising  the  dewpoint  until  it  equals 
the  temperature. 

2.  '    By  lowering  th^temperature  to  the  dew- 


point 

The  first  results  from  the  addition  of  water 
vapor  to  the  air  by  evaporation  from  water 
surfaces,  wet  ground,  or  rain  falling  through 
the  air.  The  second  results  from  the  cooling 
of  the  air  by  contact  with  a  cold  surface  under- 
neath. 

Types  of  Fog 

There  ^re  several  classifications  of  fog- 
radiation  fog,  advection  fog,  upslope  fcg.  and 
frontal- fog. 
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•    Figure  17.—  Layer  diagram  of  clouds  at  various  levels. 


RADIATION   FOG.-  Badiation  fog,  which 
generally  occurs  as  ground  fog,  is  caused  by 
the  radiational  cooling  of  the  earth's  surface. 
It  forms  only  at  nfght'and  over  a  land  surface/ 
It  never  forms  over  a  water  surface.  This 
type  of  fog  usually  covers  a  wide  area. 


fiea 


After  sunset,  the  earth  receives  no  heat 
fron?  ihe  sun,  but  it  continues  to  radiate  heat. 
The  surface  begins  to  cool  because  of  this  heat 
loss.  As  the  earth  cools,  the  layer  of  air  close 
tdthe  earth  is  cooled  by  conduction  ( the -transfer 


of  heat  from  warmer  to  colder  matter  by  con- 
tact). jThis  causes  the  layer  near  the  earth 
tojbe  cooler  than  the  air  immediately  above  it, 
a  condition  called  an  inversion.  If  the  air  be- 
neath the  inversion  layer  is  sufficiently* moist 
and  it  cools  to'  its  dewpoint,  fog  forms.  (See 
figure  18.)  In  case  of  a  calm,  this  cooljng  by 
conduction  ^affects'  only  a  very  shallow  layer 
(a  few  inches  deej^,  because  air*  is  a  poor  con- 
ductor of  heat.  Wipd  of  low  speed  (3  to  5  knots) 
causes  slightly  turbulent  currents.  This  turbu- 
lence   is  enough  to  spread  the  fog  through 
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Figure  18.— 

♦ 

succeedingly  deepen  la^rs.  As^the  nocturnal 
cooling  continues,  the  va|r  temperature  drops 
further,  more  moisture  is  condensed,  „and  the 
fog  becomes  deeper  and  denser.  ' 

After  the  sui^/ rises,  the  earth  is  heated. 
Radiation  from  the  warming  surface  heats  the^ 
lower  air,  causing  evaporation  of  the  lower  part** 
*of  the  fog,  the/eby  giving  tfie  appearance  of  lift- 
ing. Before  noon,  heat  radiated  from  the  vann- 
ing surface  of  the  earth  destroys  the  inversion, 
and  the  fpg*  evaporates  into  the  warmed  air. 

^Rajiiation  fog  is  common  in  high-pressure 
areas  Avhere  the  wind  speed  is  usually  low  (2  to 
5  knots)  and  clear  skies  are  frequent.  This 
permits  maximum  radiational  cooling. 

*>  .     .    -  - 

•  ADVECTION  FOG.-  Advection  fog  is  the 
name  given  to  fog  produced  by  air  in  motion, 
or  to  fog  formed  in  one  place  and  transported 
to  another.  This  type  of  fog  is  formed,  when 
warmer  air  is  transported  over  colder  land  or 
water  surfaces.  Cooling  from  b6Iow  takes  place 
,and  gradually  builds  up  a  fog  layer.  The  cooling 
rate  depends  on  the  wind  speed  and  the  differ- 
ent^ between   the   air  temperature  and  the 


Radiation  fog. 

temperature  of  the  surface  over  which  the  air 
travels. 

Advection  fog  can  form  only  in  regions 
where  marked  temperature  contrasts  exisc  with- 
in a  short  distance  of  each  other,  and  only 
when  the  wind  blows  from  the  warm  region 
toward  the  cold  region.  (See  figure  19.)  It  is 
easy  to  locate  areas  of  temperature  contrast 
on  the  weather  map.  They  are  usually  found 
along  coastlines  or  between  snow-covered  and 
bare  ground. 

SEA  FOG  is  always  of  the  advection  type 
f  and  occurs  when  the  wind  brings  moist,  warm 
air  over  a  colder  ocean  current.  The  greater  the 
difference  between  the^  £ir  temperature  and  the 
ocean  temperature,  the  deeper  and  denser  the 
fog.  Sea  fog  may  occur  during  either  the  day 
or  the  night.  Some  wind  is  necessary,  not  only 
to  provide  some  vertical  mixing,  but  actually 
also  to  move  the  air  to  the  place  where  it  is 
cooled.  Most  advection  fogs  are  found  at  speeds 
between  4  and  13  knots.  Sea  fogs  have  been 
maintained  with  wind  speed  as  high  as  26  kuots. 
They  exist  at  such  speeds  because  of  the  lesser 
frictional  effect  over  a  water  surface.  Winds 
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Figure  19.—  Advection  fog. 


of  equal  speed  produce  less  turbulence  over 
watf-r  than  over  land. 

Sea  fogs,  which  tend  to  persist  for  long 
periods  qf  t  time,  are  quite  deep  and  dense. 
Since  the  temperature  of  the  ocean  surface 
changes  very  little  during  the  day,  it  is  not 
surprising  to  hear  of  sea  fogs  which  have  lasted 
for  weeks.  A  good  example  of  sea  fog  is  that 
off  th$  coast  of^Newfoundland. 

v  * 
LAND  ADVECTION  FOG  is  found  near  large 
bodies  of  water,  that  is,  along  seacoasts  and 
large  Jakes.  Onshore  breezes  bring ,  maritime 
air  over  a  land  surface  which  has  cooled  by 
radiation  at  night.  (See  figure  20.)  Also,  fogs 
may  form  over  the  ocean  and  be  blown  over 
the  land  during  either  the  day  or  the  night. 
Another  situation  favorable  to  fog  formation 
is  one  in  which  air  flows  from  warm,  bare  ground 
to  snow-covered  ground.nearby. 

Land  advection  fog  cannot  exist  with  as 
high  wind  speed  as  the  sea  type  because  of 
the  greater  turbulence.  If  only  a  slight  amount 
of  cooling  ifc  necessary  to  cause  condensation, 
even  a  cloud  cover  may  permit  the  land  surface 
to  cool  enough  to  cause  fog#  This  type  6f  fog 
diaflipates  over  .a  land  surface  in"  much  the 
same  fashion  as  radiation  fog;  however,  since 


it  is  usually  deeper,  it  requires  a  longer  time 
to  disperse. 

STfiAM  FOG,  another  type  of  advection 
fog,  occurs  within  air  masses;  but,  unlike  other 
air-mass  fogs,  which  are  formed  by  the  cooling 
of  the  air  temperature  to  the  dewpoint,  steam 
fog  is  caused  by  saturation  of  the  air  throiigh' 
evaporation  of  water.  It  occurs  when  cold  air 
moves  over  warm' water.  Evaporation  from  the 
surface  of  the  warm  water  easily  saturates  the 
cold  air,  causing  fog.  It  rises  from  the  surface 
like  smoke.  It  should  be  noted  that  the  actual 
process,  heating  cold  air  over  a  warm  surface, 
tends  to  produce  instability.  Denseness  and  per- 
sistence are  favored  by  the  presence  of  an 
inversion  above  the  surface,  which  prevents  the 
fog  from  rising  very  high. 

-This  type  of  fog  forms  on  clear  nights 
over  inland  lakes  and  rivers  in  late  fall  before  , 
they  are  frozen.  They  are  prevalent,  along  the 
Mississippi  River  and  Ohio  River  at  that  time 
of  year. 

ARCTIC  ?EA  SMOKE  (name  given  to  steam 
fogs  in  the  Arctic  region)  forms  when  cold 
air  rpoves  over  a  warmer  water  surface,  which 
is  most  often  found  in  breaks  of  the  surface 
tee  in  this  area. 
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Figure  20.-  Fog  caused  by  an  onshore  wind  and  cold  coastal  water. 


UPSLOPE  FOGS.—  There  is  a  type  of  fog, 
*  called  upslope  fog,  which  is  caused  by  Adiabatic 
cooling  of  rising  air  (adiabatic  cooling  is  the 
cooling  of  the  air  by  expansion  as  it  rises). 
Upslope  fog  is  formed  when  moist,  warm  air  is 
forced  up  a  slope  by  the  wind.  The  cooling  of 
the  air  is  almost  entirely  adiabatic,  since  there 
is  very  little  conduction  to  the  surface  of  the 
slope.  Th£  air  must  be  stable  before  it  starts 
its  motion  so  that  the  lifting  does  not  cause 
convection,  or  vertical  currents,  which  would 
dissipate  the  fog. 

Some  wind  speed  is  needed,  of  course,  to 
cause  the  upslope  motion.  The  .  fog  is  usually 
found  where  the  aix  moves  up  a  gradual  slope. 
This  typ6  of  fog  is  deep  and  requires  consider- 
able time  to  dissipate.  The  most  common  fog 
of  this  type  is  called  CHEYENNE  FOG  and  is 
caused  by  the  westward  flow  of  air  from  the 
Missouri  Valley,  which  produces  fog  on  the 
eastern  slope  of  the  Rockies. 

FI$NTAL  FQGS.-  Frontaliogs  are  another 
hazard  which  must  be  added  to  the  list  of 
weather  troubles  associated  with  fronts  {a  front 
is  the  line  where  two  air  masses  meet).  -The 
actual  fog  occurs  under  the  frontal  surface  in 
the  cold  aii^mass.  It  is  due  to  the  evaporation 
of  falling  rain.  This  additional  water  vapor 
gradually  saturates  the  air*  Precipitation  falls 
from  the  lifted  warm  air  through  the  cold  air. 
Evaporation  from*the  rain  continues  as  long  as 
the  temperature  of  the  raindrops  is  higher  than 
the  tempera'ture  of  the  air#  even^  though  the 


cold  air  is  already  saturated.  Naturally,  the 
upper  regions  become. saturated  first  because 
the  temperature  and  dewpoint  are  lower  at  the 
higher  altitude.  As  the  evaporation  from  the  rain 
continues,  a  layer  of  clouds  begins  to  build 
—down  from  the  frontal  surface.  Eventually,  this 
-  cloud  layer  extends  to  the  ground  and  becomes 
fog.  During  the  day,  there  may  be  enough  turbu- 
lence caused  by  solar  heating  to  keep  this  cloud 
off  the  ground.  However,  afte*  dark,  becauje  of 
dying  convection  currents  an*i  the  nocturnal  cool- 
ing of  the  air,  the  ceiling  drops  very  suddenly. 
It  is  this   sudden  closing  in  after  dark  that 
makes  this  type  of  fog  so  dangerous. 

Cold  fronts  usually  move  so  rapidly  and  have 
such  narrow  bands  of  precipitation  and  high 
wind  speeds  that  COLD- FRONT  FOG  is  com- 
paratively rare  and  short  lived. 

WARM- FRONT  FOG,  on  the  other  hand,  is 
common  arid  dangerous.  Since  frontal  systems 
are  quite  extensive,  warm-front  fog  m^y  cover 
a  wide  area.  This  type  fog  is  also  very  deep, 
because  it  extends  from  the  ground  to  the  frontal 
sutface.  The  clouds  above  the  frontal  surface 
also  slow  down  the  dissipating  effect  of  solar 
heating.  All  those  factors  make  the  warm-front 
fog  the  worst  possible  type  to  encounter.  {See 
figure  21 J 

DEW 

Dew  is  a  deposit  of  waterdrops  on  objects  at 
or  near  the  ground.  It  is  produced  by  condensation 
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Figure  21.—  Warm-front  fog. 


of  water  vapor  from,  the  surrounding  clear 
air  and  occurs  on  relatively  calm,  clear  nights. 

EROST 

Frost,  or  hoarfrost,  is  a  -deposit  of  ice 
having  a  crystalline  appearance.  It  generally 


assumes  the  form  of  scales,  needles,  feathers, 
or  fans.  Hoarfrost  is  the  solid  equivalent  of 
dew  and  should  not  be  confused  with  white  dew, 
which  is  dew  frozen  after  it  formed.  Frost 
forms  as  such  directly  without  going  through 
the  liquid  stage. 
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CIRCULATION  OP  THE  ATMOSPHERE 


For  an  understanding  of  large-scale  motions 
of  the  atmosphere,  it  is  essential  that  the  Ma- 
rine Science  Technician  study  the  primary  or 
general  circulation  of  the  atmosphere  as  a 
whole, 

• 

The  sun's  radiation  is  the  energy  that  sets 
the  atmosphere  in  motion,  both  horizontally  and 
vertically.  The  vertical  motion  is  caused  by  the ' 
rising  and  expanding  of  the  air  when  it  is 
warmed,  or  the  descending  and  contracting  of 
the  air  when  it  is  cooled.  The  horizontal  motion 
is  caused  by  differences  of  atmospheric  pressure; 
air  moves  from  areas  of  high  pressure  toward 
areas  of  low  pressure.  Difference?  of  tem- 
perature, the  cause  of  the  pressure  differences, 
are  due  to  the  unequal  absorption  of  the  sun's 
radiation  by  the  earth's  surface.  Due  to  the 
relative  position  of  the  earth  with  respect  to  the 
sun,  much  more  radiation  is  absorbed  near 
the  Equator  than  at  other  areas,  with  the  least 
radiation  being  absorbed  at  or  near  the  poles.  ' 
Consequently,  .the  principal  factor  affecting  the 
atmosphere  is  incoming  solar  radiation,  and 
its  distribution  depends  on  the  latitude  and  the 
seascu^. 

The  differences  in  the  type  of  surface;  the 
differential  heating;  the  unequal  distribution  of 
land  and  water;  and  the  relative  position  of 
oceans  to  land,  forests  to  mountains,  lakes  to 
surrounding  land,  and  the  like,'  cause  different 
types  of  circulations  of  the  air. 

First,  there  is  the  general  or  primary 
circulation  of  the  atmosphere  as  a  whole.  This 
explains  the  circulation  of  the  atmosphere  as 
a  wh6le  with  little  attention  to  details  and  minor 
differences  from  time  to  time  or  place  to  * 
place. 

Then,  there,  are  the  secondary  circulations. 
These  explain  the  various  adjustments  the  pri- 
mary circulation  makes  to  major  differences 
in  heating  which  resuli  from  the  distribution  of 
.land  and  sea  on  a  large,  but  not  a  global,  scale. 


Finally,  there  are  the  various  tertiary  (third 
order)  circulations,  which  .explain  the  adjust- 
ments of  the  primary  and  secondary  circulation! 
to  strictly  local  differences  in  heating. 

GENERAL  CIRCULATION 

The 'general  circulation  theory  attempts  to 
explain  the  global  circulatio?  of  the  atmosphere 
with  some  minor  exceptions.  The  general  cir- 
culation theory  is  based  on  and  evolved  from 
physical  laws  and  observed  weather  data.  Since 
the  earth  heats  unequally,  the  heat  is  carried 
away  from  the  hot  area  to  a  cooler  one  as  a 
result  of  the  operation  of  physical  laws.  This 
global  movement  of  air  which  restores  a  bal-  - 
ance  of  heat  on  the  earth  is  the  general  circula- 
tion. Since  heat  is  the  first  cause,  we  will 
discuss  the  world  temperature  distribution  first. 

WORLD  TEMPERATURE  GRADIENT 

Temperature  gradient  is  the  rate  of  change 
of  temperature  with  djstance  in  any  given  direc- 
tion at  any  point.  World  temperature  gradient 
refers  to  the  change  in  temperature  that  exists 
in  the  atmosphere  from  the  Equator  to  the  poles. 

The  change  in  temperature,  or  temperature 
differential,  which  causes  atmospheric  circula- 
tion can  be  compared  to  -the  temperature  dif- 
ferences produced  in  ,a  pan  of  water  placed 
over  a  gas  burner.  Ms  the  water  is  heated,  it 
expands  and  its  deiMy  is  lowered.  This  re- 
duction in  density  Abuses  the  water  to  zi*e  to 
the  top  of  the  pan.  As  it  rises,  it  cools  and 
proceeds  to  the  edges  of  the  pan.  It  copls  further 
and  sinks  to  the  bottom,  eventually  working  its 
way  back  to -the  center  of  the  pan  where  it 
started.  This  process  sets  up  a  simple  circu- 
lation pattern  due  to  successive  heating  and 
cooling. 

Ideally,  the  air  within  the  troposphere  may 
be  compared  to  the  water  in  the  pan.  The  most 
direct  rays  of  the  sun  hit  the  eaitth  near  the 
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Equator  and  <£ause  a  net  gain  of  heat.  The  air 
at  the  Equator ,  heats,  rises,  and  flows  in  the 
upper  atmosphere  toward  both  poles.  Upon  teach-  * 
ing  the  pSles,  it  cools  'and  sinks  back  toward 
the  earth,  where  it  tends  to  flow  along  the 
surface  of  the  earth  back  to  the  Equator.  Simple 
circulation  of  the  atmosphere  would  occur  as 
described  above  if  it  were  not  for  the  following 
factors: 

1.  The  earth  rotates,  resulting  in  an  ap- 
parent force  known  as  the  Coriolis  (or  deflect- 
ing! effect  and  also  resulting  in  constant  change 
of  the  area  being  heated.  The  Coriolis  effect 
is  the  nifcre  important  result  of  the  two. 

2.  The  earth  is  covered  by  irregular  land 
and  water  surfaces. 

Regions  under  the  direct  rays  of  the  sun 
receive  more  heat  per  unit  time  than  those 
under  oblique  rays.  The  heat  brought  by  the 
%  slanting  rays  of  early  morning  may  be  compared 
with  the  heat  that  is  caused  by  the  slanting  rays 
of  winter.  The  heat  which  is  due  to  the  more 
direct  rays  of  midday  may  be  compared  with 
the  heat  resulting  from  the  more  direct  rays  of 
summer. 

The  length  of  day,  like  the  angle  of  the  sun's 
rays,  influences  the  temperature.  The  length 
of  day  yaWes  with  the  latitude  and  the  season. 
Near  the  Equator  there  are  about  12  hours  of 
daylight  every-  day  in  the  year,  and  the  sun  at 
noonday  is  always  high  in  the  sky  (giving  nearly 
direct  rays).  Consequently,  equatorial  regions 
have  no  pronounced  seasonal  temperature 
Qhanges. 

During  the  summer  in  the  Northern  Hemi- 
sphere, all  places  north  of  the  Equator  have 
more  than  12  hours  of  daylight.  During  the 
winter  the  situation  is  reversed,  latitudes  north 
of  the  Equator  having  less  than  12  hours  of 
daylight^        ^  ^ 

Large  seasonal  variation  in  the  length  of  the 
day  and  the  seasonal  difference  in  the  angle  at 
which  the  surfs  rays  reach  the  earth's  surface 
cause  seasonal  temperature  differences  in  middle 
and  high  latitudes. 

The  weak  temperature  gradient  in  the  sub- 
tropical areas  and  the  steeper  gradient  poleward 
can  be  seen  in  figure  22.  Note  also  how  much 


steeper  the  gradient  is  poleward  in  the  winter 
season  of  each  hemisphere  than  it  is  in  the 
.  .''summer  season  (gee  figures  22  and  23.) 

PRESSURE  OVER  THE  GLOBE 

Previously  you  learned  that  pressure  de- 
creases with  an  increase  in  temperature.  This 
is  the  principal  factor  in  the  distribution  of 
pressure  over  the  world.  In  figures  24  and  25,' 
note  that  a  low-pressure  area  lies  along  the 
doldrums  in  the  equatorial  region.  This  is  due 
to  the  higher  temperatures  maintained  throughout 
the  year  in  this  region.  At  the  poles,  permanent 
high-pressure  areas  remain  near  the  surface 
because  of  the  low  temperatures  in  this  area 
throughout  the  entire  year.  The  subtropical  high- 
pressure -areas  at  30#  N.  and  S.  lat.  are  caused 
mainly  by  the  "piling  up"  of  air  in  these  regions. 
There  are  other  areas  which  are  dominated  by 
.  relatively  high  or«low  pressures  during  certain 
seasons  of  the  year. 

ELEMENTS  OF  CIRCULATION 

_  We  have  previously  shown  how  temperature 
differences  cause  pressure  differences.  Pressure 
differences  in  turn  cause  air  movement.  Now 
let  us  go  a  step  further  and  consider  how  the 
air  movements  work  and  how  they  evolve  into 
the  various  circulations— general,  secondary,  and 
,  tertiary. 

Static  ^arth       /  ^ 

If  the  earth  were  a  nonrotating  sphere  com-, 
posed,  of  a  uniform  surface,  the  atmospheric 
circulation  would  be  relatively  simple.  The  air 
at  the  Equator  would  be  heated  and  Income  less 
dense,  causing  it  to  rise  and  expand.  Due  to  less 
insolation  at  the  poles,  the  air  would  be  cooled 
and  become  denser,  causing  it  to  descend.  There- 
fore, if  the  earth  were  static,  the  flow  of  air 
would  be  a  simple  circulation  from  the  poles  to 
the  Equator'at  the  surface,  and  from  the  Equator 
to  the  poles  aloft. 

Static  Nonuniform  Earth 

On  a  static  earth  composed  of  nonuniform 
surface,  the  atmospheric  circulation  would  be 
very  similar  to  that  of  a  static  earth  With  a 
uniform  surface,  with  the  exception  that  some 
major  eddies  or  currents  would  be  set  up  within 
the  primary  cell.  The  major, eddies  thus  formed 
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would  be  of  a  more  or  less  permanent  nature, 
changing  only  with  the*  seasons.  The  differences 
in  heating  of  the  various  surfaces  would  have 
a  deflecting  effect  on  the  pnm&ry  flow,  and  the 
circulation  would  become  more  complex. 

Rotating  Nonuniform  Earth 

The  earth  is  neither  static  nor  uniform; 
therefore,  it  is  necessary  to  proceed  one  step 
further  to  explain  theyprimary  atmospheric  cir- 
culation. 

Due  to  the  rotation  of  the  earth,  there  is 
an,  apparent  deflecting  force  on  windflow  called 
the  Coriolis  effect.  (See  figure  28u)  This  effect 
causes  a  deflection  of  the  winds  to  the  right 
in  the  Northern  Hemisphere  and  to  the  left  in 
the  Southern  Hemisphere.  The  complex  circula-  ' 
tion  resulting  from  the  interplay  of  the  Coriolis 
effect  with  the  flow  of  air  is  known  as  the 
3- cell  theory.  (See  figure  27.) 


Figure  26.—  Coriolis  effect  on  windflow. 
THE  3-CELL  THEORY 


i 


The  rotation  of  the  earth  exerts  a  tremen- 
dous influence  on  the  circulation  of  the  earth's 
atmosphere.  The  3-cell  theory  of  the  circula- 
tion offers  an  explanation  of  the  effect  of  the 
earth's  rotation* 

According  to  the  3-cell  theory,  the  earth  is 
divided  into  six  circulation  belts— three  in  the 
Northern  Hemisphere  and  three  in  the  Southern 


Hemisihere.  The  dividing  lines  are  the  Equator, 
30*  N.  and  S.  lat.,  and  60#  N.  and  S.  lafc.  The 
three  cells  of  general  circulation  of  the  Northern 
Hemisphere  are  similar  to  those  of  the  Southern 
Hemisphere. 

First,  observe  the  tropical'cell  of  theNorth- 
ern  Hemisphere  which  lies  between  the  Equator* 
and  30°  N.  lat.  The  air  at  the  Equator  heats 
and  rises.  When  it  reaches  the  extremity  of  the 
troposphere,  it  tends  to  flow  toward  the  North 
Pole.  By  the  time  the  air  has  reached  30*  N. 
lat.,  the  Coriolis  effect  has  deflected  it  so 
much  that  it  is  moving  eastward  instead  of 
northward.  This  results  in  a  piling  up  of  air 
hear  30*  N.  lat.  and  a  descending  current  of 
air  toward  the  surface  which  forms  a  belt  cf 
fcgh  pressure.  When  the  descending  air  reaches 
"Che  surface,  part  of  it  flows  poleward  to  become 
part  of  the  midlatitude  cell;  the  other  p^srt  flows 
toward  the  Equator,  is  deflected  by  the  Coriolis 
effect,  and  forms  the  northeast  trades. 

The  midlatitude  cell  is  located  between 
30#  and  60*  N.  lat.  The  air  which  comprises 
this  cell  circulates  ^poleward  at  the  surface  rnd 
equatorward  aloft  with  rising  currents  at  60° 
(polar  front)  and  descending  currents  at  30° 
(high-pressure  belt).  However,  in  general,  the 
winds,  both  at  the  surface  and  aloft,  blow  from 
the  west.  This  is  easily  explained  for  the  surface 
wind  by  the  Coriolis  effect  on  the  poleward  mov- 
ing surface  air.  The  west  wind  aloft  is  not  so 
easily  explained.  Most  authorities  a^ree  that 
this  wind  is  fractionally  driven  by  the  west 
winds  in  the  two  adjacent  cells. . 

The  polar  cell  lies  between  60°  N.  lat.  and 
the  North   Pole.  The  circulation  in  this  cell 
begins  with  a  flow  of  air  at  a  high  altitude  toward 
the  pole.  This  flow  cools  and  descends  at  the 
North  Pole  and  forms  a  high-pressure  area  in 
the  polar  regions.  After  reaching  the  surface  of 
the  earth,  this  air  tends  to  flow  equatorward 
and  is  deflected  by  the  Coriolis  effect  so  that  it 
moves  from  the  northeast.  This  air  converges 
with  the  poleward  flow  from  the  midlatitude  cell 
and  is  deflected  upward  with  a  portion  circulating 
poleward  again  and  the  remainder  equatorward.- 
The  outflow  of  air  aloft  between  the  polar  and 
midlatitude  cells  causes  a  semipermanent  low- 
pressure  area  at  approximately  60°  N.  lat.  and, 
due  to  the  discontinuity  in  the  temperature  and 
density  of  these  two  cells,  the  polar  front  de-  ' 
velops  in  this  area. 
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Figure  27.—  Idealized  pattern  of  the  general  circulation 
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WORLD  WINDS 


In  order  to  complete  ttfie  picture  of  the 
general  circulation  of  the  atm6sphere,  observe 
the  prevailing  winds  and  the  pressure  belts 
of  the  world  §nd  examine  some  of  the  factors 
affecting  windflow. 

The  equatorial  belt  of  light  and  variable 
winds  between  the  northeast  trade  winds  of  the 
Northern  Hemisphere  and  the  southeast  trade  , 
winds  of  the  Southern  Hemisphere  is  called  the 
doldrums  of  the  intertropical  convergence  zone 
(ITCZ). 

The  doldrums  vary  in  position  and  tend  to 
move  north  and  south  of  the  Equator  with  the 
sun,  though  more  of  the  area  is  generally  located 
slightly  to  the  north  of  the  Equator.  In  the 
region  of  the  doldrums  the  temperatures  are 
high,  and  the  wind  is  convergent  (a  net  inflow  of 
air  into  <tfie  area),  which  results  in  excessive 
precipitation. 

On  the  poleward  side  of  the  doldrums  the 
TRADE  WINDS  are  found.  Whenever  the  dol-  ( 
drums  are  absent  in  spme  part  of  the  equatorial 
region,  the  trade  winds  of  the  Northern  and 


Southern  Hemisphere  converge,  causing  heavy 
rain  squalls.  A  noticeable  feature  of  the  trade 
wind  belt  is  the  regularity  of  these  systems, 
especially  over  the  oceans. 


The  wind  blowing  above^Qd  counter  to  the 
trade  wind  is  the  ANTITRADE.  Formerly  it 
was  called  the  COUNTERTRADE. 

In  the  subtropical  high-pressure  belts  cen- 
tered, in  the  mean,  near  30*  N.  and  30°  S. 
latitudes,  winds  are  light  and  variable.  These 
areas  are  referred  to  as  the  HORSE  LATITUDES. 
Due  to  the  descending  air,  "fatr  weather  is  often 
characteristic  of  this  region.  The  pressure  de- 
creases outward  from  this  area,  and  the  pre- 
vailing westerlies  are  on  the  poleward  side, 
with  the  trade  winds  on  the  equatorial  side. 

The  prevailing  westerlies,  which  are  on 
the  poleward  side  of  the  trade  winds,  are  per- 
sistent throughout  the  midlatitudes.  In  the  North- 
ern Hemisphere  their  *  direction  at  the  surface 
is  from  the  aotltKwe^and  in  the  Southern  Hemi- 
sphere from 'the  northw&^t,  due  to  the  deflection 
caused  by  the  Coriolis  effe&t\as  the  air  moves 
poleward. 
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Poleward  of  the  prevailing  westerlies  lies 
the  belt  of  low  pressure  known  as  the  polar 
front  zone. 

In  the  polar  cells  the  surface  winds  are , 
known  as  the  polar  easterlies.  They  move  from  ' 
the  northeast  in  the  Northern  Hemisphere  and  j 
from  the  southeast  in  the  Southern  Hemisphere]^ 
They  are  very  shallow  due  to  the  low  tempera- 
tures and  are  overlain  by  the  westerlies. 

Geostrophic  and  Gradient  Wiifds 

The  variation  of  pressure  from  one  locality 
to  another  is  the  initial  factor  that  produces 
-  movement  of  air,  or  wind.  Assume  that  at  three 
stations  the  pressure  is  lower  at  each  successive 
point.  This  means  that  there  is  a  horizontal  \ 
pressure  gradient— a  decrease  in  pressure  in  this  ^ 
case-for  each  unit  distance.  With  this  situation, 
ihe  air  moves  from  the  area  of  greater  pressure 
to  the  area  of  lesser  pressure. 

On  a  weather  map,  the  barometric  pressure 
readings  are  entered  from  the  reports  of  many 
stations.  Some  of  the  stations  report  the  same 
pressure  readings.  One  of  the  first  steps  toward 
analyzing  a  weather  map  is  to  draw  lines  con- 
necting points  of  equal  pressure.  These  lines 
are  called  isobars. 

If  the  force  of  the  pressure  were  the  only 
factor  acting  on  the  wind,  the  wind  would  flow 
from  high  to  low  pressure,  perpendicular  to  the 
isobars.  Since  experience  shows  the  wind  does 
not  flow  perpendicular  to  isobars,  but  at  a 
slight  angle  across  them  and  towards  the  lower 
pressure,  it  is  evident  that  other  factors  are 
involved.  These  other  factors  are  the  Coriolis 
effect,   caused  by  the   rotation  of  the  earth; 
frictional  force,  caused  by  the  wind  coming  in 
contact  with  the  surface  over  which  itis  passing; 
and  centrifugal  effect,  due  to  the  curvature  of 
the  isobars.  If  &  unit  of  air  moves  ujider  the 
influence  of  pressure  force  and  the  Coriolis  effect 
(no  friction  force  involved),  the  movement  of  air 
would  be  parallel  to  the  isobars;  this  wind  is 
termed  either  a  gradient  wind  or  a  geostrophic 
wind.         • ' 

Gradient  wind  is  defined  as  a  steady  hori- 
zontal motion  of  the  air  blowing  parallel  to 
curved  isobars.  Geostrophic  wind  is  defined  as 
a  steady  horizontal  motion  of  air  along  straight 
isobars.  It  can  be  stated  that  the  geostrophic 
wind  is  a  special  case  of  gradient  wind. 


Figure  28.—  frictional  force  effect. 

Suppose  a  unit  of  air  (figure  28)  moves  with 
the  speed  and  direction  S.  The  deflecting  force 
D  is  at  right  angles  to  the  speed  and  direction 
S.  The  resultant  force  R  is  the  resultant  of  the 
deflecting  force  D  and  the  frictional  fores  F 
which  is  directly  opposite  to  the  speed  and 
direction  S.  To  have  a  balanced  motion,  the 
pressure  force  P  must  be  equal  to  the  resultant 
force  R  and  have  a  direction  opposite  R.  Since 
the  angle  from  S  to  R  is  greater  than  90\  the 
angle  from  P  to  S  is  smaller  than  90°.  Since 
the  pressure  force  is  perpendicular  to  the  iso- 
bars* and  -the  angle  from  P  to  S  is  less  than 
90%  the  actual  wind  must  flow  to  the  left  of  the 
isobars.  Since  the  frictional  force  decreases  with 
altitude,  the  wind  speed  increases  with  increas- 
ing height. 

The  frictional  layer  is  generally  considered 
■   to  be  the  layer  of  the  atmosphere  found  approxi- 
mately below  3,000  feet,  where  the  friction  is 
most  noticeable. 

Frictional  Force 

Friction  tends  to  retard  air  movement.  Fric- 
tion depends  on  the  nature  of  the  surface  over 
which  the, air  is  ^moving.  It  is  least  over  water 
surfaces  and  greatest  over  mountainous  terrain. 
The  effect  of  surface  friction  extends  from  the 
surface  to  approximately  3,000  feet.  It  is  usually 
safe  to  say  that  the  wind  above  3,000  feet  is  the 
same'  as  the  gradient  or  geostrophic  wind  in 
direction  and  speed.  The  reason  the  *sunace 
wind  flows  across  the  isobars  instead  of  parallel 
to  them  is  because  of  the  frictional  effect.  The 
Coriolis  effect  and  centrifugal  effect  depend  upon 
the  speed,  of  the  air  particles  making  up  the 
wind,  but  the  pressure  force  depends  upon  the 
horizontal   spacing  of  the  isobars.  Since  the  c 
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Figure  29.—  Centrifugal  effect  on  windflow. 


frictional  effect  decreases  the  speed  of  the  air 
particles,  the  forces  /hat  are  in  balance  with 
the  pressure  gradieM  when  aloft  are  weakened 
when  introduced  to  tie  frictional  layer  over  the 
earth.  This  means  that  the  pressure  force  is 
the  dominating  forre  at  the  surface,  and  the 
surface  wind  direction  is  pulled  somewhat  toward 
the  direction  of  the  pressure  force.  (See  figure 
28.) 

Centrifugal  Effect 

Centrifugal  effect  ^is  a  factor  when  the  isobars 
are  curved.  Its  influence  on  the\wind  depends 
upon^the^  speed  of  the  wind  and  the  radius  of  , 
curvature'  of  the  isobars.  (See  figure  29.)" 

Above  the  frlctionil  layer  in  a  low-pressure 
area,  the. pressure  gradient  forc£  equals  the 
combined  Coriolis.  and  centrifugal  effects.  In  a 
/high-pressure  area  above  the  frictional  layer, 
the  pressure  gradient  and  centrifugal  effect  , 
balance  the  Coriolis  effect.  - 

Cyc?ostrophic  Wind 

»  *  0 

The  Coriolis  effect  is  at  a  minimum  near^ 
the  Equator;  and  as  a  result,  the  pressure  gradient 
force*  is  balanced  primarily  by  the  centrifugal 
effect.  .The  wind  that  results  when  tfie  pressure 
gradient  force  is  balanced  by  the  centrifugal 
effect  *  is  called  the  cyclostrophic  wind.  In  the 
cycJostrophio  wind,  the  pressure  gradient  force 
is  inward  directed  and  the  centrifugal  . effect  is 
outward  directed.  This  is  the  balance  of  forces 
tor  ft  low-pressure  system  near  the  Equator. 
.  An*  example  of  cyclostrophic  winds  are  the  winds 
found  In  a  hurricane. 


Convergence  and  Divergence 

Convergence  is  the  condition  .that  exists  when 
the  distribution  of  winds  within  a  given  area  is 
such  that 'there  is  a  net  horizontal  inflow  of  air 
into  an  area.  The  removal  of  the  resulting 
excess  accomplished  by  an  upward  movement 
of  air;. consequently,  areas  of  convergent. winds 
are  regions  favorable  to  the  occurrence  of 
precipitation. 

* 

Divergence  is  the  condition,  that  exists  when 
the  distribution  of  winds  within  a  given  area  is 
such  that  there  is  a  net  outward  horizontal  flow 
of  air  from  the  area.  The  resulting  deficit  is 
compensated  by  a  downward  movement  of  air 
from  aloft;  ateas  of  divergent  winds  are  regions 
unfavorable  for  the  occurrence  of  precipitation. 
Since  the  wind  flows  from  higher  to  lower  pres- 
sure ]  areas,  it  can  be  seen  that  convergence 
is  associated  with  low-pressure  areas  and  di- 
vergence with  high-pressure  areas.  (See  figure 
30.) 

SECONDARY  CIRCULATIONS 

The  general  circulation  is  modified  by  the 
distribution  of  land  and,  water  over  the  surface 
of  the  earth,  causing  uneven  heating  and  cooling 
of  the  earth's  surface,  and  also  the  changes  in 
heating  which  result  from  the  change  \n  seasons. 


CENTERS  OP  ACTION 


The  modifications  of  the  general  circulation 
result  in  permanent  and  semipermanent  high- 
pressure   and   low-pressure   cells  taiown  as 
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figure  30  ^  Convergence  and  divergence. 


centers  of  actfbiu  -ftwtte  Renters  have  one  or 
more  closed  isobars/  the  centers  of  action  in 
^the  Northern  Hemisp^re  are  the  semipermanent 
Aleutian  low,  the  Icelandic  low,  the  Pacific  high, 
the  Atlantic  (or  Azores)  high,  and  the  high- 
pressure  ateas  that  form  over  Siberia,  northern 
Canada,  and  the  United  States  during  the,  winter 
months.      »  "  , 

/; 

During  the  summer  months,  the  subtropical 
highs  (Pacific  and  Atlantic)  are  more  ifronounced 
than  during  the  winter  months.  As  the  printer 
months  approach,  these  higher  pressure  areas 
weaken  and  move  toward  the  Equator. 

The  Aleutian  and  Icelandic  lows  become- 
more  pronounced  during  the  winter  months. 
Normally,  the  Aleutian  low  is  centered  in  the 
Gulf  of  Alaska  during  the  winter  months.  The 
Icelandic  low  is  centered  usually  between  Green- 
land and  Iceland,  ynder  certain  conditions  these 
lows  split  into  two  separate  centers.  The  Aleutian 
low  sometimes  has  one  center  in  the  Gulf  of 
Alaska  and  another  center  off  Kamchatka.  The 
Icelandic  low  at  times  has  one  center  located 
over  Labrador  and  a  second  center  in  the  form 
of  a  long  trough'  extending  sputhwestward  from 
Spitsbergen  to  a  point  off  Ireland.  (A  trough  is 
defined  as  an  elongated  area  of  low  pressure.) 

In  winter,  oceanic  areas  are  warmer  than 
continental  areas  of  the  same  latitude.  The 
temperature  range  of  continental  areas  is  much 
greater  than  ocean  areas  over  a  given  period  of 
time.  The  principal  reason  for  this  difference 
ih  temperature  range  is  that  tl>e  upper  layers 
of  the  ocean  are  subject  to  almost  constant 
motion;  therefore,  heat  losses  or  heat  jgains  are 


distributed  throughout"  largtf  volumes  of  water. 
This  mixing  process  shaiply  reduces  the  tem- 
perature, contrast  between  day  and  night  as  well 
,  as  between  winter  and  summer.  An  addition^ 
consideration  that  helps  explain  the  difference 
in  temperature  .ranges,  over  oceanic  and  con- 
tinental areas  is  the  difference  between  the 
specific  heat  of  water  and  land.  Since  the  specific 
heat  of  water  is  greater  than  land,  water  ab- 
sorbs more  heat  than  land  for  the  same  rise 
in  temperature.  Also,  the  heat  from  water  is 
release#more  evenly  than  that  from  land. 

You  can  then  see  that  surfaces  which  are 
colder  than  surrounding  surfaces  generally  have 
higher  atmospheric  pressure,  and  that  surfaces 
which  are  warmer  than  surrounding  surfaces 
generally  have  lower  atmospheric  pressure.  This 
rule  also  explains  why  the-  doldrums  around  the 
Equator  exist  all  year  around  and  move  only  north 
and  south  a  little  with  the  seasons. 

During  the  winter  months,  the  weather  on 
the  west  coast*  of  continents  is  milder  than  that 
on  the  east  coast  of  continents.  On  the  west 
coast  the  air  has  traveled  over  the  warmer  wr.ter 
areas  and  has  been  modified  by  them.  On  the 
east  coast  of  a  continent  the  air  has  traveled 
over  the  colder  land  mass  and  takes  on  thfe 
characteristics  of  the  cold  land  mass. 

During  the  winter  months,  the  low  tempera- 
ture causes  the  air  over  continental  areas  to 
become  denser  than  air  over  the'  warmer  ocean 
areas.  Since  the  atmospheric  pressure  depends 
on  the  weight  of  the  air,  the  pressure  increases 
over  the  .continents  during  the  winter  months/ 
and  cold  anticyclones  are  formed.  When  the 
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summer  months  approach,  the  anticyclones  dis- 
sipate and  are  replaced  by  areas  of  relatively 
low  pressure  due  to  warmer  air  masses*  The 
opposite  is  true  jof  the  ocean  areas.  During  the 
summer  months,  the  ocean  areas  are  colder 
than'  the  land  mass,  and  the  anticyclones  be- 
come predominant  over  the  ocean  areas.. 

Over' tiie  Arctic  and  Antarctic  regions,  and 
over  the  glaciated  continental  areas  of  Green- 
laxyji,  permanent  anticy clonic  systems  are  pres- 
ent near  the  surface  of  the  earth  due  to  ex- 
tremely cold  air' masses.  In  the  equatorial 
region  at  the  earth's  surface,  .there  is  an  area, 
of  permanent  low  pressure  due  ta  the  warmer 

air  masses.  v  **  * 

•  <• 

MIGRATORY  SYSTEMS 

General  (primary)  circulation  of  the  atnlo- 
sphere,  based  on  ,an  average  of  wind  conditions, 
is  a  more  or  less  quasi-stationary  circulation. 
Likewise,  much  of  the  secondary  circulation 
depends  on  more  or  less  static  conditions  which, 
in  turn,  depend  on  permanent  and  semipermanent 
high-pressure  and  low-pressure  areas.  Changes 
in  the  circulation  patterns  thus  far  discussed 
have  been  largely  seasonal.  Ho  we  v$j%  .secondary 
circulation  also  includes  wind  systems  which 
migrate  constantly,  producing  rapidly  changing 
weather  conditions,  especially  in  the  middle  lati- 
tudes throughout  all  seasons. 

The  migratory  systems  of  circulation  are 
associated  with  air  masses,  fronts,  cyclones, 
and  anticyclones.  Air  masses  and  fronts  are 
covered  in  detail  in  the  next  section.  They  are 
only  introduced  here  to,  show  their  relationship 
to  the  secondary  circulation  of  the  atmosphere. 

Air  Masses 

.  The  general  circulation  produces  large  bodies 
of  air  whose  physical  properties  are  somewhat 
homogeneous,  a  fact  upon  whidh  the  principles 
of  modern  weather  analysis  and  forecasting  are 
based.  These  large  bodies  of  air  are  called 
air  masses.  An  air  mass  is  defined  as  a  large 
body  cf  air  whose  physical  properties,  level  for 
level,  notably  -  temperature  and  humidity,  are 
more  or  less  uniform  horizontally. 

The  areas  where  air  masses  are  formed  are 
called  source  regions,  The  designation  of  an 
air  mass  depends  on  its  source  region.  For 


*  instance,  if  the  source  region  is  the  open  un-., 

frozen  pola*  sea  region,  in  ,the  vicinity  of  60* 
<  latitude*  it  is  designated  as  maritime  polar. 

Air  masses  migrate  from  their  source  re-, 
gions.  As  they  leave  the  source  regions,  they 
begin  to  change,.  The  air^that  remains  in  contact 
with  the  earth's  surface  for  a  period  of  time 
acquires  the  characteristics  of  the  underlying 
surface,  -  "\ 

The  characteristics  of  the  air  mass  depend 
upon  its  life  history,  which  is  determined  by  the 
following:  The  source  region,  the  trajectory  (or 
path)  of  the  air  mass  after  it  leaves  the  source 
'  region,  the  "age  of  the  ait  mass  (the  time  that 
elapses  after  the  air  mass,  leaves  its  source 
region),  and  its  present  geographical  location. 

Fronts 

The,  centers  of  action  bring  together  air 
masses  of  different  physical  jfroperties.  The 
region  of  transition  between  two  air  masses  is 
called  a  frontal  zone.  The  primary  frontal  zones 
of  the  Northern  Hemisphere  are  the  Arctic 
frontal  zone,  the  polar  frontal  zone,  and  the  inter- 
tropical convergence  zone.  The  most  important 
frontal  zone  affecting  thS  United  States  is  the 
polar  front.  The  polar  front  is  the  region  of 
transition  between  the  cold  polar  ^air  arid  warm 
tropical  air.  During  the  winter  months  (in  the 
Northern  Hemisphere),  the  polar  front  pushes 
far  southward  due  .to  greater  contrast  between 
the  physical  properties,  of  the  air  masses  than 
during  the  summer  months.  During  the  summer 
months  (in  the  Northern  Hemisphere),  the  polar 
front  moves  northward  and  at  times  becomes 
indistinct.  * 

As  the  term  "front"  is  used  in  polar  front, 
it  actually  denotes  a  frpntal  zone,  which  girds 
the  entire  earth.  Another  use  of  the  term  "front" 
is  to  denote  the  line  of  intersection,  or  boundary, 
separating  two  air  masses,  such  as  a  cold  front, 
*warm  front,  occluded  front,  and  stationary  front. 
These  fronts  are  defined  as  follows: 

1     1.    COLD  FRONT.—  If  a  wedge  of  cold  air 
/s  underrunning  and  displacing  a  warm  air  mass, 
the  line  of  discontinuity  between  the  two  air 
masses  is  called  a  cold  front. 

2.  WARM  FRONT.—  When  awarmairmass 
is  overriding  and  replacing  a  cold  air  mass, 
ths  line  of  discontinuity  is  called  a  warm  front. 


3.  OCCLUDED  FRONT.—  An  occluded  front 
is  the  condition  that  occurs  when  a  cold  front 

•  overtakes  and  underrides  or  overrides,  the  warm 
front. 

4.  .STATlSNAR^  FRONT.-  A  front  with 
very  little  movement  is  called "  a  stationary 
front.  The  term  "quasi-stationary"  is  often  used 
for  a  front  that  is  stationary  or  nearly  so. 

•  Anticyclones 

An  anticyclone  is  an  area  of  relatively  high 
pressure* having  the  wind  circulation  in  a  clock- 
wise direction  in  the  Northern  Hemisphere  and 
counterclockwise  in  the*  Southern  Hemisphere. 
.The  windflow  \n  an  anticyclone  is  slightly  across 
"  the  -  isobars  atfd  away  from  the  center  of  the 
anticyclone.  (See  ffgure  31.)  Anticyclpnes,  are 
commonly  called  highs  or  high- pressure  "areas. 


Figure  31.—  Anticyclones. 


The  formation  of  an  anticyclone  or  the 
intensification  of  an  existing  one  is  called  anti- 
cyclogenesis.  The  decreasing  of  the  intensity 
of  an  antic^lone  is  called  anticyclolysis. 

The  vertical  extent  of  pressure  depends 
greatly  on  the  air  temperature.  Since  density 
increases  with  a  decrease  in  temperature,  pres- 
sure decreases  .more  rapidly  along  the  vertical 
in  colder  air  than  in  warmer  air. 

In  a  cold  anticyclone*  (such  as  the  Siberian  ' 
high),  the  vertical  extent  is  shallow;  while  in  a 
warm  anticyclone  (such  as  the  subtropical  high), 
the  vertical  extent  reaches  high  into  the  upper 
atmosphere  due  to  the  slow  decrease  in  tem- 
perature with  elevation. 

* 

When  thinking  of  highs,  lows,  anticyclones, 
cyclones,  and  air  masses,  do  not  confuse  the 
terms.  A  cyclone  is  a  low,  and  an  anticyclone 


•  3*3 

is  a  high.  The  terms  "cyclone,"  1  •anticyclone,' 1 
-  "low,"  and  "high"*refer  to  the  wind  circulation 
and  to  the  atmospheric  pressure.  A  cyclone, 
for  instance,  can  have  in  its  cirQulation  parts  of 
three  different  air  masses.  \ 

An  air  mass  does  not  always  have  an  anti- 
cyclonic  circulation  at  the 'surface.  In  the  Sahara 
Desert,  for  instance,  continental  tropical  air 
prevails;  yet  in  the  lowest  levels,  the  pressure  " 
is  low  and  the  circulation  is  cyclonic  at  certain' 
times  (usually  in  summer)  (a  thermal  low).  The 
circulation  and  the  pressure  reversre  to  anti- 
cyclonic  flow  and  high  pressure  only  as  one 
progresses  upward  through  the  air  mass.  There- 
fore, when  speaking  of  an  air  mass,  use  only  that 
^term.  When  thinking  of  pressure  or  circulation, 
use  cyclone  or  low,  and  anticyclone  or  high. 

Cyclones 

In  synoptic  meteorology  it  has  been  shown 
that  cyclonic  and  anticyclonic  systems  are  pri- 
marily the  result  of  the  interactions  between 
•  different  air  masses.  This  is  especially  true  of 
cyclones  which  have  tljeir  origin  on  the  fronts 
separating  the  major  air  masses. 

A  cyclone  is  a  circular  or  nearly  circular 
arfea  of  jow  atm'ospheric  pressure  around  which 
the  winds  blow  counterclockwise,  and  slighjly 
across  the  isobars  towatd  the  center  in  the 
Northern  Hemisphere  and  clockwise  in'the  South- 
ern Hemisphere.  It  is  commonly  called  a  low  or 
a  depression.  This  use  of  the  ^ord  "cyclone" 
should  be  distinguished  from  the  colloquial  use  of 
the  word  as  applied  to  the  tornado.  (See  figure  32.) 

The  formation  of  a  new  cyclone  or  the  intensi- 
fication of  an  existing  one  is  called  CYCLO- 
GENESIS.     Cyclogenesis  usually  occurs  with 


Figure  32.-  Cyclone. 
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Figure  33.—  Life  cycle  of  a  wave  cyclone. 


DEEPENING  (a  decrease  in  atmospheric  pres- 
sure), but  the  terms  are  not  synonymous.  The 
decrease  and  eventual  .extinction  of  a  cyclone  is 
called  CYCLOLYSIS.  Cycloiysis  refers  to  cir- 
culation in  the  atmosphere  and  should  not  be* 
.confused  with  FILLING  (an  increase  in  atmo- 
spheric '  pressure),  although  the  two  processes 
usually  occur  together. 

Cyclones,  in  middle  and  higft  latitudes  are 
referred  to  as  extratropical  cyclones,  and  the 
tropical  cyclones  are  referred  to  as  hurricanes, 
typhoons,  baguios,  or  willy-willies,  depending 
on  their  geographical  location.  (Tropical  cy- 
clones are  discussed  in  section  5.) 

When  some  temperature  or  topographical 
irregularity  occurs  along  the  boundary  line  be- 
tween two  air  masses,  a  wave  (the  first  stage 
pf  an  extratropical  cyclone)  develops,  with  cy- 
oloric  circulation  talking  effect.  These  waves 
usually  develop  into  cyclones  and  travel  along 
the  frontal  zopes.  The  usual  stages  of  develop- 
ment of  a  cyclone  are  formation,  growth,  occlu- 
sion, and  dissipation.  (See  figure  33.) 


Atmospheric  waves  may  6e  compared  with 
ocean  waves  in  the  following  manner.  Over  the 
ocean  a  gentle  breeze,  which  actually  represents 
relative  motion  between  air  and  water,  produces 
waves.  If  Ithe  wind  speed  exceeds  a  certain 
limit,  the  tops  of  thb  waves  are  removed  in  the 
form  of  whitecaps.  The  whitecaps  indicate  that 
the  discontinuity  surface  between  the  air  and 
water  has  become  unstable  and  the  two  fluids 
have  begun  to  whirl  together. 

In  the  atmosphere  a  similar  process  takes 
place  when  the  boundary  between  two  dissimilar 
air  masses  is  distributed  by  an  acceleration  of 
either  adjacent  air  mass.  These  waves,  although 
different  from  ocean  waves,  obey  the  same 
physical  laws..  1 


When  the  atmpspheric  waves  become  un- 
stable, a  condition  similar  to  the  formation  of 
whitecaps  on  the  ocean  occurs.  The  portions  of 
two  air  masses  adjacent  to  their  line  of  mutual 
contact  tend  to  whirl  together.  This  is  called 
the  occlusion  process. 
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The  crest  -of  a  wave  forming  along  an  atmos- 
pheric discontinuity  occupies  the  center  of  a  low* 
pressure  area.  This  accounts  for  the  fact  that  bad 
weather  is  associated  with  low-pressure  areas. 


Whence  polar  front  moves  southward,  it  is 
usually  associated  with  the  development  and  move- 
ment of  cyclones  ami  with  outbreaks' of  cold 
polar  qir.  The  cyclonic  circulation  associated 
with  the  polar  front  tends  to  bring  polar  air 
southward  and  warm  moist  tropical  air  north- 
ward.       ,  _ 

*  *  *    ~     *  * 

During  the  winter  months,  tfce  warm  airflow 
usually  occurs  over  water,,  ang  Cfte^ebid  air 
moves  southward  over  continental  areas*"'  In 
summer  the  situation-is  reversed;  \  rr  -    :  - 

Xarge  cyclones  that  form  on  the  polar  front 
are  usually  followed  by  smaller  cyclones  and 
are  -referred  to  as  families.  These  smaller 
cyclone^  tend  to  carry  the  front  farther  south- 
ward. 

•  *»  » 

In  an  ideal  situation  these  cyclones  come  in 
succession,  causing. the  front  (in  the  Northern 
Hemisphere)  to  lie  i$  a  southwest  to  northeast 
direction.     -  - 

MONSOON  WINDS 


The  term  "monsoon"  is  of  Arabic  origin, 
and  means  season.  The  monsoon  *  wind  is  a 
seasonal  wind  that  blows  from  continental  in- 
teriors (or  large  land  areas)  to  the  ocean  in  the 
winter,  and  in  the  opposite  direction  during  the 
summer.  The  monsoon  wind  is  most  pronounced 
over  India,  although  there  are  other  regions  with 
noticeable  monsoon  winds.  Over  India  the  mon- 
soons blow  from  the  northeast  during  January 
and  from  the  southwest  in  July,  and  are  caused 
in  the  winter  by  the  air  blowing  out  of  the  high- 
pressure  area  of  Siberia  and  in  the  summer  by 
the  wind  flowing  into  the  low-pressure  area  over 
central  Asia.  (See  figure  34.) 

In  summer  the  weather  associated  with 
monsoon  winds  is  almost  constant  rajn.  This 
condition  is  caused  by  mass  motion  of  air  from 
the  restively  high-pressure  area  over  the  ocean 
to  a  low-pressure  area  over  land.  When  the, 
air  leaves  the  ocean,  it  is  warm  and  moist/ 
As  the  air  travels  over  land  toward  the  low- 
pressure  area,  it  is,  also  traveling  from  a  lower 
altitude  to  a  higher  altitude.  The  air  is  lifted 


mechanically  and  cooled  to  its  condensation 
point  by  this  upslope  motion. 

to  winter  the  weather  situation  is  the  re- 
verse of  summer.  Clear  skies  predominate  dur- 
ing this-  season.  This  is  caused  by.  the  tnaA 
motion  of  ■  air  from  a  high-pressure  area  over 
land  to  an  area  of  lower  pressure  over  the  ocean, 
A£  the  air  leaves  the  high-pressure  area  over 
land,  it  is  cold  and  dry.'  As  it  travels  over 
land  toward  the  .Ocean,  there  is  no  source  of 
moisture  to  induce  precipitation.  The  ai?.  is 
also  traveling  from  a  higher  altitude  to  a  lower 
altitude;  consequently,  this  "downslope  motion 
causes  the  air  to  be  warmed  at  the  adiabatic 
lapse  rater  This  warming  pTocess  has  a  still 
further  clearing  effect  on  the  skie?. 

JETSTREAM  - 

The  Jetstream  is  a  special  circulation;  how- 
ever, since  it  is  so  closely  associated  with 
secondary  circulations  of  the  migratory  type, 
it  is  discussed  here. 

The  JetstreanTis  a  band  or  belt  of  winds 
with  a  strong  westerly  component  which  mean- 
ders around  the  globe.  By  saying  that  it  has  a 
strong  westerly  component,  it  is  meant  that  it 
flows  primarily  from  the  west  or  from  adjacent 
directions  such  as  northwest  or  southwest.  By 
saying  that  it  meanders,  it  is  meant  that  it  is 
not  found  at  the  same  latitude  or  elevation  all 
around  the  earth  at  the  same  time,  but  it  has 
a  wavelike  trajectory.  It  may  range  from  25 
to  100  miles  in  width  and  up  to  a  mile  or  two 
in  depth.  Sometimes  the  Jetstream  is  a  con- 
tinuous band,  but  more  often  it  is  broken  or 
split  at  several  points. 

Jetstreams  are  found  in  both  the  Northern 
Hemisphere  and  the  Southern  Hem&phere,  but 
much  more  is  known  about  the  predominant  one 
in  the  Northern  Hemisphere.  This  is  the  one 
normally  referred  to  when  only  the  term  "jet- 
stream"  is  used.  It  is  located  in  the  high  tropo- 
pause  along  the  boundary  of  the  polar  front 
zone  where  there  is  extreme  horizontal  tem- 
perature contrast.  Normally,  there  is  a  break 
in  the  tropopause  where  the  Jetstream  exists, 
or  it  may  belaid  that  it  exists  where  the  tropo- 
pause has  its  greatest  slope. 

The  winds  in  the  Jetstream  occasionally 
exceed  250  knots.   Most  of  the  time  the  winds 
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range  from  about  100  to  150  toots.  However, 
a  band  of  winds  is  classed  as  a  Jetstream  only 
when  the  winds  in  the  band  have  a  speed  of  50 
toots  or ,  more.  The  Jetstream  is  stronger  in 
winter  than  in  summer. 

The  Jetstream  is  associated  with  a  strong 
gradient  of  temperature  along  both  the  hori- 
zontal and  the  vertical.  It  can  beTSUnd  "where  the 
tropopause  undergoes  the  greatest  chaiige  in 
height*  It' is  closely  associated  with  migratory 
low-pressure  systems  and  the  pol^ftfcat  &ost 
of  the  time  foej&'UMittirsifra  of  a  Jetstream  on 
the  surface,-  The  Jetstream  increases  in  in- 
tensity mth  elevation  to  just  below  the  tropo- 
pause where  its  maximum  speed  is  reached. 
Thereafter,  it  decreases  in  intensity  again. 

The  Jetstream  is  very  important  both  in 
forecasting  weather  and  in  flight  operations. 
Jn  forecasting  the  weather,  it  is  important  rela- 
tive to  the  development  and  the  movement  of 
fronts  and  low-pressure  systems.  Inflight  opera- 
tions, it  is  important  as  something  to  be  avoided 
when  the  flight  plan  goes  against  it,  and  as  some- 
thing that  can  be  used  to  gain  time  when  the 
flight  plan  is  with  the  wind  direction.  A  150- 
toot  wind  can  increase  or  decrease  the  speed 
of  an  aircraft  to  a  large  extent,  depending  on 
the  direction  of  the  flight  relative  to  the  wind. 

TERTIARY  CIRCULATIONS 

Many  regions  have  local  weather  phenomena 
caused  by  temperature'  differences  between  land 
and  watsr  areas  or  by  local  topographical  fea- 
tures. T£ose  weather  phenomena  which  show 
up  as  circulations  of  air  and  ire  due  to  local 
features  are  termed  tertiary  (third  order)  cir- 
culations. A  knowledge  of  these  circulations 
which  have  a  significant  effect  on  the  local  weath- 
er cpnditions  in  important  for  Marine  Science' 
Technicians. 

LAND  AND  SEA  BREEZES 


There  is  a  daily  contrast  of  heating  of  local 
water  and  land  areas  similar  to  the  seasonal 
variation.  During  the  day,  the  land  Is  warmer 
than  the  water  area,  and  at  night  the  land  area 
i3  cooler  than  the  water  am.  A-slight  variation 
in  pressure  is  caused  by  this  temperature  con- 
trast. At  night  the  wind  blows,  from  land  to  sea 
and  is  called  a  land  breeze/  During  the  day, 
the  wind  blows  from  water  areas  tp  land  areas 


and  is  called  a  sea  breeze.  These  breezes  are 
shallow  and  do  not  penetrate  far  inland.  Often 
in  the  middle  and  higher  latitudes,  these  breezes 
are  not  noticeable,  due  to  stronger  winds  of 
other  character.  (See  figure  35.) 

MOUNTAIN  AND  VALLEY  WINDS 

During  the  day,  mountain  slopes  are  warmer 
than  the  surrounding  atmosphere  at  the  same 
level;  this  heating  effect  causes  the  wind  to 
flow  upward  from  the  valley  area  ,along  the 
mountain  slopes.  At  night  the  situation  is  reversed, 
and  the  slopes  become  colder  than  the  surround- 
ing atmosphere;  this  cools  the  atmosphere  in 
the  lower  levels  near  the  surface  of  the  slopes 
and  causes  the  wind  to  flow  downward  into  the 
valley.  Winds  ascending  a  mountain  slope  are 
called  ANABATIC  winds.  At  times  these  anabati^ 
winds  are  unnoticeable  due  to  the  effects  of 
vertipal  convection.  The  reverse  of  the  anabatic 
wind  is  the  KATABATIC  wind.  Hence,  the  kata- 
batic wind  occurs  when  the  wind  flows  down  the 
slope.  (See  figure  36.) 

FOEHN  WINDS 

The  foehn  wind  is  a  warm,  dry  wind  with  a 
strong  downward  component  on^the  leeward  side 
of  mountains.  When  air  flows  up  and  over  a 
mountain  barrier,  it  undergoes  expansion  and 
cools  at  the  dry  adiabatic  lap3e  jpte  (1#  C,  per 
100  meters)  until  the  temperature  drops  to  the 
dewpoint.  Condensation  occurs,  and  a  cloud  forms 
above  the  mountain  with  possible  precipitation 
on  the  windward  side  of  the  mountain.  During 
the  descent  of  the  air  on  the  leeward  side  of 
the  mountain,  heating  takes  place,  due  to  com- 
pression, again  at  the  cTiy  adiabatic  lapse  rate. 
These  winds  are  charapteristic  of  the  Alps,  and 
also  of  the  Rockies,  where  they  are  known  as 
Chinook  winds. 

FUNNEL  EFFECT 

^Winds  blowing  against  mountain  barriers 
%  tens  to  flatten  out  and  go  around  them.  If  the 
barrier  is  broken  by  a  pass  .or  a  valley,  the 
fi  air  is  forced  through  the  break  with  considerable 
speed.  Such  forcing  of  wind  through  narrow 
valleys  is  known  as  the  funnel  effect.  A  good 
example  of  the  funnel  effect  is  the-  Santa  Ana 
wind  of  Southern  California.  This  type  of  wind* 
was  discussed  in  a  previous  pamphlet  in  the 
portion  entitled  "Bernoulli's  Theorem," 
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Figure  35.—  Circulation  of  land  and  sea  breezes. 

with  the  *  snow  surfaces.  This  cooling  effect 
makes  the  air  denser,  therefore  heavier  than 
the  surrounding  air.  When  this  air  is  set  in 
motion,  it  flows  down  the  sides  of  the  glacier 
or  plateau.  Drainage  winds  of  this  variety  cover 
a  wide  range— from  light  local  breezes  that 
descend  through  the  valleys  from  small  isolated 
glaciers  to  the  violent  outbreaks  of  cold  air 
that  rush  down  the  lee  side  of  a  continental  ice 
plateau.  The  latter  is  caused  by  the  development 
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GLACIER  WINDS 

Glacier  winds,  or  fall  winds  as  they  are 
sometimes  called,  occur  in  a  great  variety  in. 
all  parts  of  the  world  where  there  are  glaciers 
or  elevated  land  masses  that  become  covered 
*  by  snow  and  ice  during  winter.  During  winter, 
tte  area  of  snow  cover  becomes  most  extensive, 
permitting  a  maximum  amount  of  radiational 
cooling  of  the  surrounding  air  coming  in  contact 


DURING  THE  DAYTIME  HILLSIDES  HEAT  QUICKLY 
THE  UPORAFTS  ALONG  UPSLOPES-OOWNDRAFTS  IN  THE  CENTER. 


DURING  THE  NfGHT  OUTGOING  RADIATION  COOLS  AIR  ALONG 
HILLSIDES  BELOW  FREE  AIR  TEMPERATURE*  THE  COOLED  AIR* 
DRAINS  TO  LOWEST  POINT  OF  THE  TERRAIN. 


Figure  36.—  Mountain  and  valley  winds. 
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of  a  gradient  wind  that  sets  in  motion  the 
reservoir  of  extremely,  cold  air  from  the  high- 
level  snqwfields.  These  winds  in  many' areas 
occur  as  violent  squalls  of  short  duration  when 
a  mass  of  cold  air  is  released  over  the  edge 
of  a  cold  plateau  and  plunges  down  through  an 
adjacent  valley  or  fjord  to  sea  level. 

When  a  changing  pressure  gradient  ^ts  in 
mofcpn  a  large  cold  air  mass  over  the  edge  of 
a  plateau,  this  action  sets.in  motion  the  strong- 
est, 'most  persistent,  and  most  extensive  of  the 
glacier  or  fall  winds.  When  this  happens,  the 
fall  velocity  is  added  to  the  pressure  gradient 
force  so  that  the  cold  air  rushes  down  to  sea 
level  along  a  front  which  may  extend  for  hun- 
dreds of  miles.  This  condition  occurs  in  wihter 
on  a  large  scale  along  the  edge  of  the  Green- 
land icecap,  where  in  some  places  the  wind 
attains  a  velocity  in  excess  of  90  knots  for  days 
at  a  time  and  reaches"  more  than  150  miles  out 
to  sea. 

Since  all  of  the  drainage  winds  are  heated 
adiabatically  in  their  descent,  they  are  pre- 
dominantly dry.  Occasionally,  the  glacier  winds 
pick  up  moisture  by  falling  precipitation  when 
■  they  underride  warm  air.  All  glacier  or  fall 
winds  are  essentially  cold  winds  even  with  the 
adiabatic  heating  which  they  undergo,  because 
of  the  extreme  coldness  of  the  air  in  its  source 
region.  Contrary  to  all  other  descending  winds 
which  are  warm  and  dry,  the  glacier  wind  is 
cold  and  dry.  It  is  colder,  level  for  level,  than 
the  air  mass  it  is  displacing.  In  the  Northern 
Hemisphere  the  glacier  winds  descend  frequently 
from  the  snow-covered  plateaus  and  glaciers  of 
Alaska,  Canada,  Greenland,  and  Norway, 

EDDIES  AND  TURBULENCE 

Turbulence  is  the  irregular  motion  of  the 
atmosphere  when  the  air  flows  over  an  uneven 
surface,  or  when  two  currents  of  air  flofr  past 
each  other  in. different  directions; or  at  different 
speeds.  The  main  source  of  turbulence  is  the 
friction  along  ^he  surface  of  the  eajrth.  This  is 
called  mechanical  turbulence.  Turbulence  is  also 
caused  by  irregular  temperature  distribution. 
The  warmer  air  rises  and  the  colder  air  de- 
scends, causing  an  irregular  vertical  motion  of 
air;  this  is  called  thermal  turbul&ce. 


Figkire  37,—  Eddy  winds. 
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turbulence  is  intensified  in  un- 
is  weakened  in  stable.  These 
sp  fluctuations  in  the  wind  with 
j  from  a  few  minutes  to  more  than 
an  hour.  If  th<jse  wind  variations  are  strong, 
they  are  callecj  wind  squalls  and  are  usually 
associated  wjth  convectjv'e  type  clouds,  .They 
are  an  indication  of  {approaching  towering  cum- 
ulus or  cumu!6nimbjj6  clouds, 

Gustiness  and  turbulence  are  more  or  less 
synonymoufe,  Gustiness  is  the*  irregularity,  in 
the  wind /speed  which  creates  eddy  currents 
*  disrupting  the  smooth  airflow.  Thus,  the  term 
"gustinesfe"  is  usually  used  in  conjunction  with 
sudden  intermittent  increases  in. the  wind  speed 
near  the/surface  levels,  and  turbulence  is  used 
with  reference  to  levels  above  the  surface, 
Gustiness  can  be  measured  by  wind  instruments, 
whereas/  turbulence  is  always  an  estimation. 
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An /eddy  is  the  more  or  less  circular  motion 
the  (wind  produced  by  an  obstruction  in  its 
uch  as  irregularities  on  the  earth's  sur- 
ills  and  mountains),  trees,  and  buildings, 
~th  o£  an  obstacle  and  the  stability  oi 
are  the  factors  which  determine  whether 
will  flow  around  or  across  the  object. 
Turbulence  caused  by  large  objects,  such  as 
buildidgs,  is  usually  ajjombination  of  horizontal, 
•and  vertical  eddies,  (See  figure  37,) 

yhere  may  be  a  stationary  eddy  on  the  wind- 
ward/side of  a  mountain  if  the  windward  side  has 
a  steep  slope.  The  leeward  side  of  mountains 
has  /the  most  pronounced  eddy  activity,  and  in  - 
most  cases  violent  downdrafts  exist.  The  down- 
drafts  are  extremely  dangerous  to  aircraft,  and 
instances  are  recorded  of  their  having  caused 
aircraft  to  crash  into  mountain  sides, , 
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AIR  MASSES  AND  FRONTS 


Personnel  studying  for  advancement  as  Ma- 
rine Science  Technicians  must  know  a  great  deal 
about  air  masses  and  fronts.  In  this  section  a 
more  complete  picture  of  the  part  that  air  masses 
and  fronts^play  in  thfe  overall  weather  story  is 
given.  It  is  readily  seen  that  air  masses  and 
fronts  are  the  keys  to  modern  weather  analysis " 
and  forecasting. 

AIR  MASSES 

The  aijr-mass  concept  is  one  of  the  most 
important  developments  in  the  history  of  meteor- 
ology. An  air  mass  is'  a  large  body  of  air 
"w£ose  physical  properties*'  particularly  tem- 
•  perature  and  moisture  distribution,  are  nearly 
homogeneous,  level  for  level.  Forecasting  is 
largely  a  matter  of  recognizing  the  various  air 
masses  in  the  weather  picture,  determining  their 
characteristics,  and  predicting  their  behavior. 

AIR-MASS  CLASSIFICATION 

Air  masses  have  been  classified  geographi- 
cally and  thermodynamically  by  Tor  Bergeron, 
a  Norwegian  meteorologist.  His  system  of  classi- 
.  fication  has  become  almost  universal  in  usage. 
The  geographical  classification,  which  refers  to 
the  source  region  of  the  air  mass,  divides  air 
masses  into  four  basic  categories.  These  are 
orotic  (A)  or  antarctic,  polar  (P),  tropical  (T), 
and  equatorial  (E),  the  first  three  of  which  are 
further  divided  into  maritime  (m)  and  conti- 
nental (c).  Maritime  arctic/antarctic  air  masses 
are^rare,  since  th$re  is  a  predominance  of  land 
mass  or  icefields  in  the  polar  regions.  Virtually  1 
all  equatorial  air  masses  are  considered  to  be 
maritime  in  origin.  An  air  mass  is  considered 
to  be  maritime  if  its  source  of  origin  is  over 
an  oceanic  surface.  If  the  air  mass  originates 
over  a  land  surface,  it  is  considered  continental. 

An  additional   air-mass  classification  is 
sometimes  used  along* with  the  four  basic  cate- 
gories mentioned  above.  This  is  We  superior  ' 
(S)   air  mass  which  is  an  extremely  dry  .air 


mass  and  is  generally  found  aloft  over  the  south- 
western United  States,  but  is  sometimes  located 
at  or  near  the  surface. 

You  can  easily  remember  the  types  of  air 
masses  by  using  the  letters  injfche  word  "tapes" 
to  stand  for  the  first  letter  of  each  type  of  air 
masfe. 

The  thermodynamical  classification  applies 
to  the  relative  warmth  or  coldness  of  the  air 
mass.  A  warm  air„mass  (w)  is  one  which  is 
warmer  than  the  underlying  surface;  a  cold  air 
mass  (k)  is  one  which  is  colder  than  the  under- 
lying surface.  For  example,  a  continental  polar 
cold  air  mass  is  classified  as  cPk.  An  mTw 
classification  indicates  that  the  air  mass  is  a 
maritime  tropical  warm  air  mass. 

Air  masses  can  usually  be  identified  by  the 
type  of  clouds  within,  them.  Cold  air  masses 
usually  show  cumuliform  clouds,  whereas  warm 
air  masses  contain  stratiform  clouds. 

Sometimes,  and  with  some  air  masses,  the 
thermodynamic  classification  may  change  from 
night  to  day.  A  particular  air  mass  may  show 
k  characteristics  during  the  day  and  w  char- 
acteristics at  night. 

AIR-MASS  SOURCE  REGION^  , 

The  air-mass  source  region  is  the  area  where 
the  air  mass, originates.  The  condition  which  is 
ideal  for  the  production  of  an  air  mass  is.  the  stag- 
nation of  air  over  a  rath'^  Uniform  surface  (water, 
land,  or  icecap)  of  un^oi^"  temperature  and  hum- 
idity. The  length  of  time  a(fcair  mass  stagnates  over 
its  source  region  depends,  on  the  surrounding  pres- 
sures. The  air  acquires  definite  properties  and 
characteristics,  from  the  surface  up,  and  becomes 
virtually  homogeneous  throughout,  and  its  proper- 
ties become  rather  uniform  at  each  level.  In  the 
middle  latitudes,  th6  land  and  sea  areas  with  the 
associated  steep  latitudinal  temperature  gradient 
are  generally  not  homogeneous  enough  for  source 
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Figure  38.—  Air-mass  source  regions. 


regions.  These  areas  act  as  transitional  zones 
for  air  mas&e$  after  they  have  left  their  source 
regions.  a 


The  source  regions  for  the  worid's  air 
masses  are  shown  in  figure  38.  Note  the  uni- 
formity of  the  underlying  surfaces;  also  note 
the  relatively  uniform- climatic  conditions  in 
the  various  source  regions,  such  as  the  southern 
North  Atlantic  and  Pacific  Oceans  for  maritime 
tropical  air  and  the  deep  interiors  of"  North 
America  and  Asia  for  continental  polaf  air. 

Arctic  Air 

There  is  a  permanent  high-pressure  area 
in  the  vicinity  of  the  North  Pole,  within  which  - 
is  found  the  arctic  afr-mass  source  region."  In 
this  region  there  is  a  gentle  flow  of  air  over 
the  polar  icefields,  allowing,  the  formation  of 
the  arctic  air  mass.  The  air  is  characterized 
by  being  dry  aloft*and  very 'cold  and  stable  in 
the  lower  altitudes. 

Antarctic  Air 

This  air  is  developed  in  the  antarctic  region.  * 
It  is  colder  at  the  surface-  and  other  levels 
tfian  arctic  air  in  fall  and  winter.  ■  .  - 


Continental  Polar  Air 

The  continental  polar  source  regions  con-T 
sist  of  all  the  land  areas  dominated  -by  the 
Canadian  and  Siberian  high-pressure  cells.  In 
'  the  Winter  these  regions  ape  covered  by  snow 
and  ice.  Because  of  the  intense  cold  and  the 
absence  of  "water*  bodies,  very  little  moisture 
is  taken  into  the  air  in  these  -regions.  Note  that 
the  word  "polar"  when  applied  to  air-mass 
designations  *  does  not  mean  air  at  the  poles 
(this  area  is  covered  by  the  words  "arctic" 
and  "antarctic").  Polar  air 'is  generally  found 
between  40°  and  60*  latitude  and  except  for 
that  found  oyer  northern  and  central  Asia,  is 
generally  warmer  than  arctic  air. 

..Maritime  Polar  Air 

The  maritime  polar  source  regions  consist 
of  the  open,  unfrozen  polar  sea  areas  in  the 
vicinity  of  60#  latitude,  north  and  south.  Such 
areas  are  sources  of  moisture  for  polar  air 
masses;  consequently,  air  masses  forming  over 
these-  regions  are  moist,  but  the  moisture  is 
sharply  limited  by  the  temperature. 

Continental  Tropical  Air 

The  continental  tropical  source  regions  can 
be  any  significant  land  areas  lying  in  the  tropical 
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regions,  generally  between  25'  north  latitude 
and  25#  south  latitude.  The  large  land  areas 
found  there  are  usually  desert  regions,  such  as 
the  Sahara  or  -Kalahari  Deserts  of  Africa,  the 
Arabian  Desert  and  the  interior  of  Australia. 
The  air  over  these  land  areas  is  hot  and  dry.- 


Maritime  Tropical  Air 

The  maritime  tropical  source  regions  are 
the  large  zones  of  open  tropical  sea  along  the 
belt  of  the  subtropical  anticyclones.  High-pres- 
sure cells  stagnate  in  this  area  most  of  the 
year.  The  air  is  warm  due  to  low  latitude  and 
is  able  to  hold  considerable  moisture. 

Equatorial  Air 

The  equatorial  source  region  is  the  ai£a 
from'  about  10*  north  to  10'  south  latitudes, 
within  which  the  thermal  Equator  is  found.'  It 
is  essentially  an  oceanic  belt  which  is  very 
warm  and  has  a  high  'moisture  content.  Con- 
vergence of  the  trade  winds  from  both  hemi- 
spheres and  the  intense  insolation  over  this  re- 
gion causes  lifting  of  the  air,  which  is  unstable 
and  moist,  to  high  levels.  The  weather  asso- 
ciated with  these  conditions  is  characterized  by 
thunderstorms  throughout  the  year.  - 

AIR-MASS  MODIFICATION 

Aa  soon  as  the  air  mass  begins  to  leave  the 
source  region,  it  undergoes  modification. -The 
changes  depend  greatly  on  the  nature  of  the 
surface  over  which  it  travels.  Starting  ip  the 
lower  levels,  the  changes  in  physical  properties 
travel  upward  through  the  air  masg.  The.  rate 
of  change  'depends  upon  the  'extent  of  the  dif- 
ference between  the  original  properties  and  those 
of  the  surface  over  which  the  air  mass  travels. 
How  much  the  air  mass  changes  in  physical 
properties  depends  upon  the  rate  at  which  it 
travels  over  the  new  surface  and  the  time  that 
has  elapsed  sinqe  it v  left  its  source  region. 

For  example,  if  a  warm,  moist  body  of  air 
moves  over  cold,  dry  land,  Jts  characteristics 
are  modified;  moisture  is  lost,  £n2kihe  tempera- 
ture Ais  lowered.  If  an  air  mass  Has  recently 
left  its  source  regipn,  it  will  not  haAhad  time 
to  become  as  modified  as  an  air  mass^hat  has 
besn  removed  from  its  source  regionSfor  a 
longer  period  of  time. 
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Modifications  of  air  masses  are  due  to 
one  or  mojre  of  the  following:  (1)  radiation, 
(2)  evaporation  or  condensation,  and  (3)  con- 
vergent or  divergent  windflow. 

.  '  t 
s  It  has  been  observed  jhat  if  an  air  mass  has 
a  cyclonic  trajectory,  the  lower  layers  are 
predominantly  unstable;  if  the  air  mass  ha*  tn 
antieyclonic  trajectory,  the  lower  layers  are 
stable.  Dissimilar  weather  conditions  occur  with 
different  trajectories  of  the  air  mass. 

AIR-MASS  WEATHER 

Within  an  air  mass,  weather  is  controlled 
primarily  by  the  moisture  content  of  the  alrr 
the  relationship  between  surface  temperature 
and  temperature  of  the  air  mass,  and  terrain 
(upslope  or  downslope).  Rising  air  is  cooled; 
descending  air  iSs  warned.  Condensation  takes 
.place  when  the  air  is  cooled  to  its  dewpoint.  A 
cloud  warmed  above*  the  dewpoint  ten^perature 
evaporates  and  dissipates.  Stability  tends  to 
increase  if  the  surface  temperature  is  lowered 
or  if  the  temperature  of  the  air  at  higher  levels 
is  increasjed  while  the  surface  temperature  re- 
mains the  same.  Stability  tends  «to  be  reduced 
if  the  surface  temperature  remains  the  same 
and  the  temperature  aloft  is  lowered. 

Smooth  stratiform  clouds  are  associated 
with  stable  air,  whereas  turbulence,  convective 
clouds,  and  thunderstorms  are  associated  with 
unstable  air. 

1 

Winter  Air  Masses 

The  following  paragraphs- primarily  describe 
winter  air-mass  weather  of  North  "America. 
Significant  features  of  air  masses  of  the  rest  of 
the  world  are  also  pointed  out. 

t 

CONTINENTAL  ARCTIC  (cA>.-  Continental 
arctic  air,  either  k  or  w,  is  the  coldest  air  over 
North  America;  however,  the  cooling  rarely 
extends -above  700  mb  (10,000  ft).  Most  cA  air 
is  designated  k  and  has  an  unstable  lapse  ^ate 
in  the  lower  layers.  The  stability  of  c  A  air,  though, 
depends  primarily  on  its  trajectory.  If  the  cath 
of  cA  air  is  cyclonic,  instability,  snow  flurries, 
and  low  cloudiness  result  (especially  in  the  . 
Hudson  Bay  to  Great  Lakes  region).  East  of  the 
Appalachians,  cAk  air  produces  little  weather. 
When  cAk  air  has  an  antieyclonic  trajectory,  the 
weather  is  fair  (as  in  the  Midwest). 
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Elsewhere  in  the  world,  continental  arctic 
air  is  significant  only  over  western  Europe  and 
the  Antarctic  Continent, -The  appearance  of  cA> 

.  over  western  Europe  is  infrequent;  When  cA 
air  does  appear,  it  is  heavily, modified  and 

4   unstable,  though  quite  cold;  " 

The  Antarctic  Continent  is  the  spawning" 
ground  for  cA  air  in  thejtouthern  Hemisphere; 
but  this  air  seldom  leases  that  continent.  When 
it  does  leave^  it  rapidly  becomes  mP  air.  The 
coldest  air  mass  In  -the  world  is  the  antarctic 
cA  air  mass.  ~  -  - 

*    CONTINENTAL  POLAR  (cP).-  When  a  CP 
•«r  mass  moves  out-  of  its  source  region  over- 
warmer  land,  the  lower  layers  of  the  air  are 
gradually  heated  and  the  stability  is  decreased. 
As  long  as  the  air  is  moving  over  a  snow- 
covered  surface,  the  decrease  in  stability  does 
not  completely  eliminate  the  stable  characteris-' 
tics  acquired  in  the  higher  levels  at  the  source 
region.  Usually  an  outbreak  of  continental  polar 
air  is  accompanied  by  winds'  of  15  knots  or 
mere,  and  this  wind  helps  decrease  the  stable 
conditions  in  the  lower  levels.  - 

After  the  air  passes  over  the'snow- covered 
regions  and  moves  over  a  surface  having  a 
temperature  above  freezing,  rapid  changes  in 
air  properties  normally  occur.  The  surface 
temperature  increases  rapidly  and  soon  elim- 
inates the  stable  conditions  that  had  existed. 

Since  the  heating  from  below  is  more  rapid 
than  the  addition  of  moisture,  the  relative 
humidity  is  decreased.  Under  this  condition," 
the  condensation  level  rises  and  skies  are  gen- 
erally clear.  * 


condensation  appefrs.  as,  fog,  but  due  to  the 
ratability  of  the  l^r,  the  steam  is  lifted  as 
it  forms,  growing  iiho  clouds.  After  crossing 
the  lakes,  this  air  ag\id  flows  over  a  cold, 
snow-covered  surface.  The  surface  cooling 'in- 
creases the  stability  and  may  produce  fog  at 
night. 

The  air  may  be  subjected  to  forced  lift  in 
approaching  the  Appalachians.  This  upslope  flow 
causes  cooling  and  condensation  and  may  result 
in  the  forming  of  towering  cumulus  or  cumulo- 
nimbus clouds  with  snow  showers.  On  the  east- 
ward side  of  the  mountains,  the  air  descends 
and  warms  adlabatically,  causing  the  clouds  to 
be  partially  or  completely  dissipated. 
'  '  '  y 

Consider  how  cPk  air  can  become  mT  air 
In  winter,  when  cPk  air ,  reaches  the  warm 
waters  ^off  the  southern  coast  of  the  United  • 
States,  its-  temperature*  is  usually  about  10* 
lower  than  Ihe-,  water  temperature.  The  air  is 
rather  unstable  when  it  reaches  the  water  sur- 
face. The  same  thing  happens  when  the  air  flows 
over  the  Great  Lakes,  except  the  Great  Lakes 
are  a  relatively  small  area,  whereas  now  the 
modification  occurs  over  such  a  large  area  that 
a  new  air  mass  Is  formed.  Both  the  tempera- 
ture and  moisture  content  of  the  air  rapidly 
„  beginning  in  the  lower  levels  and 
quickly  affecting  the  higher  levels.  Thus,  rapid 
changes  in  the  weather  can  be  expected  as  cPk 
air  moves  over  an  mT  source  region. 

After  mP  air  crosses  thdfeflocky  Mountains 
and  stagnates  in  the  Great  Basin,  it  often  be- 
comes cP  air.  By  the -same  token,  cP  air  mov- 
ing out  over  the  Atlantic  rapidly  modifies  to 
become  mP  air. 


'  A  particularly  troublesome  situation  often 
arises  when  the  cold  air  flows  from  a  cold, 
snow-covered  surface  to  a  water  surface,  and 
then  ove*  a  cold,  snow-covered  sujAtce  again 
This  frequently  happens  with  alrcrossing  the" 
Great  Lakes.  Air  flowing  over  the  water  sur- 
face is  heated  rapidly  near  the.  surface  and  may 
eventually  become  Unstable. ,  Also,  Water  vatfljL 
is  added  quickly  to  the  air,  by  evaporation  frorn^ - 
the  «latively  warm  water  surface.  The  air  ' 
becoines  saturated,  or  .  nearly  so.  Water  vapor 
may' be  added  to  such  an  extent  that  steam  fog 
forma.  Thus,  evaporation  may  continue  from  the 
warm  water  even  after  the  cold  air  has  become 
saturated,     resulting  in  condensation.  This 
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,  In  Siberia,  cP  air  is  the  coldest  air  mass  on 
record-  in  the  Northern  '  Hemisphere';  in  the 
Southern  Hemisphere  this>  air  mass  is  unknown. 

-^MARITIME  POLAR-  (mP).-  Consider  the 
weather  associated  with  maritime  polar  air 
(mP).  In  its  source  region,  maritime  polar 
air,  in  general,  is  characterized  by  surface 
temperatures,  above  the  freezing  point,  moder- 
ately steep  lapse  "rates,  and  near  saturation 
up  to  rather- high  levels.  However,  since  the 
air  aloft  is  cold,  it  has  a  low  capacity  for  water 
vapor;  hence,  the  water  content  may  be  small 
'  even  though  the  relative  humidity  is  high.  The 
feather   is  characterized  by    cumulus  and 
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cumulonimbus  clouds  with  showers  and  by  good 
visibility  except  in  shower  areas. 

•  * 

North  America  is  affected  by  maritime  polar 
air  which  comes  primarily  from  a  source  region 
In  the  North- Pacific.  This  air  mass  usually 
results  from  -the  modification  of  cold  continental 
ai*  which  has  moved  from  Asia  or  the  frozen 
afttic.  The  continental  air  is  heated  from  below 
and-  picks  -up  additional  ^moisture  as  it  moves 
over  the  ocean,  resulting"  in  a  characteristically 
unstable  air  mass.  The  conyective  activity  is 
increased  as  the  air  mass  is  lifted  over  the 
mountain  ranges  along  the  western  coast  of  the 
.continent.  This  "lifting  results  in  heavy  rain 
and  snow  showers  with  considerable  turbulence 

•  and  icing  on  the  windward  side  of  the  mountains. 
If.  the  trajectory  of  the  air  .mass-  as  it  moves 
across  the  ocean  is  cyclonic,  the  instability  is 
increased;  if  it  is  anticyclonic,  the  instability  is 
decreased.  Maritime  *  polar  air  jnay  acquire 
stable  characteristics  in  its  lower  levels  before 
reaching  the  continent  if  it  moves  over  cold 
ocean  currents  after  its  original  modification, 
When  this  occurs,  it  is  characterized  by  strati- 

•  fied  clouds*  fog,  and  drizzle-. 

/ 

,  Maritime  polar  air  of  Atlantic  origin  which 
occasionally  affects  the  eastern  coast  of  North 
America  differs  in  two  respects  from  that  of 
Pacific  origin.  Surface  temperatures  are  colder/ 
and  the  vertical  extent  of  the  convective  activity 
-    is  less. 

Maritime  polar  air  also  affects  the  south 
Alaskan  coast  but  seldom  reaches  the  Alaskan 
interior'  due  to  the  mountain  ranges  which  it 
must  cross. 

IA  western*  Europe,  mP  air  masses  pre- 
• ,  dominate.  They  are  quite  varied  in  the  weather . 

they  cause,  depending  on  whether  their  tra- 
-    jectories  are  cyclonic  or  anticyclonic.  The  most 

unstable  conditions  are  the  rule  with  a  cyclonic 

trajectory. 

In  the  Southern  Hemisphere,  mP  air  is  the 
most  prevalent  air  mass  and  is  quite  similar  " 
to  its  Northern  Hemisphere  counterpart  in  char- 
acteristics and  in  the  weather  it  causes*. 

'  .  MARITIME  TROPICAL  (mT).-  The  mT  air 
which  is  formed  over  the  Gulf  of  Mexico  is 
usually  conditionally  unstable.  This  instability 
may  be  Released  by  frontal* or  orographic  lifting. 


When  mT  air  is  forced  up  in  the  eastern  moun- 
tains of  the  United  States,  practically  the  same 

.  types,  of  weather  result  as  were  discussed  under 
the  Great  Lakes  effect.  However,  the  weather 
associated  witS  the  mT  air  is  more  intense  be- 
cause of  the  greater  quantity  of  moisture  in- 
volved, and  extends  to  a  higher  level.  If  mT 
air  is  forced'' over  mountainous  terrain,  lb  in 
the  eastern  part  of  the  United  States,  the  condi- 
tional instability  of  the  air  is  released  at  higher 
levels.  This  might  produce  thunderstorms  or  at 
least  large  cumuliform  clouds.  These  clouds 
may  develop  out  of  stratiform  cloud  systems  and 
therefore  may  be  encountered  without  warning 

m  by  a  plane  flying  within  the"  clouds.  Icing  may 
also  be  present.  Thus,  as  with  the  Great  Lakes 
effect,  a  combination  of  all  three  hazards  (fog, 
thunderstorms,  and  icing)  is  possible. 

Now  consider  the  weather  associated  with 
maritime  tropical  warm  air  (mTm)  of  Atlantic 
origin.  In  winter,  when  the  land  surface -is 
relatively  cold,  the  mT  air  moves  northward 
as  mTw.  It  is  cooled  from  below;  This  cooling 
results  in  more  stable  conditions  near  the  sur- 
face. Due  to  the  high  moisture  content,  con- 
densation occurs  (either  as  fog  or  as  low  stratus) 
particularly  at  ^  night  when  radiatfonai  cooling 
plays  an  important  part.  In  the  lower  latitudes, 
the  heating  effect  of  the  sun  usually  causes 
s^cnwit^convecti've  lift  to  produce  cumuliform 
clouds  in  thehstfternoon,*-- 

Maritime  tropical  air  of  Pacific  origin  is 
quite  rare  in  winter,  but  it  causes  torrential 
^rains  on  those  rare  occasions  when  it  invades 
the  California  coast. 

> 

In  western  and  southern  Europe,  the  invasion 
of  mT  air  brings  milder  weather  than  in  the 
United  States.  KLoW  clouds,  fog,  and*  drizzle  are 
the  normal  results  with  mT,  because  the  air  is 
usually  quite  stable.  This  air  mass  seldom 
invades  eastern  Europe. 

Maritime  tropicaUir  masses  of  the  Southern 
Hemisphere  are  very  similar  to  those  of  the 
Northern  Hemisphere  in  both  characteristics 
and  weather. 


-  In  Asia,.  mT  air  is  frequent  over  southeast- 
ern Asia  (including  India),  but  it  does  not  cause 
much  weather.  In'  summer  this'  air  is  re- 
placed in  southeast  Asia  with  equatorial  air, 
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and  it  is  this  equatorial  air  which  brings  With 
it  the  monsoon  of  that  region. 

CONTINENTAL  TROPICAL  (cT) Continen- 
tal tropical  air  is  entirely  absent  from  the 
North  American  Continent  in  winter.  The.  pri- 
mary regions  with  cT  air  in  winter  are  north 
Africa  and  Asia  Minor.  This  air  is  unstable  but 
quite  dry:  and  thus  causes  little  weather,  and  it 
does  not  reach  southern  Europe  in  winter. 

The  only  other  source  of  true  cT  air  in 
winter  is  the  interior  of  Australia.  In  the  South- 
era  Hemisphere  Winter,  this  air  is,.unstable  but 
dry  and  causes  little  weather. 

3UPERIOR  AIR  (S).—  Superior  air  is  a  . 
high-level  air  mass  found  over  the  South  Central 
States.  It  frequently  reaches  the  surface;  and 
due  to  subsidence  effects,  it  is  the  warmest  air 
mass  on  record  in  the  North  American  Conti- 
nent in  both  seasons. 

Summer  Air  Masses 

In  summer  the  arctic  front  retreats  to 
northern  Canada  and  disappears  in  the  arctic 
over  the  North  American  Continent.  In  Europe 
and  northern  Asia,  an  outbreak  of  arctic  air  is 
rare,  -and  little  needs  tq.be  said  about  this  air. 
In  the  Southern  Hemisphere,  the  arctic  air 
which  leaves  the  Antarctic  Continent  is  rapidly 
modified  to  mP  and  therefore  is  of  little  interest 
to  us  here. 

MARITIME  POLAR.-  Over  the  North  Ameri- 
can Continent,  the  whole  Pacific  coast  is  usually 
under-  the  influence  of  mP  air.  It  is  much 
milder  in  sunyner  than  in  winter,  and  seldom' 
extendi  east  of  the  Rockies.  The  coastal  weather 
is  generally  clear  with  scattered  cumulus. 

Along  the  Atlantic  coast  the  occasional  influx 
of  mP  brings  relief  from  heat  waves,  but  causes 
little  weather. 

In  Europe,  mP  air  is  quite  predominant.  It 
is  quite  unstable,  but  usually  too  dry  to  cause 
much  shower  activity.  Maritime  polar  air  is 
quite  rare  in  Asia,  but  in  the  Southern  Hemi- 
sphere it  is  the  most  predominant  air  mass, 
encircling  the  whole  Southern  Hemisphere. 

CONTINENTAL  POLAR.—  The  source  region 
is  confined  roughly  to,  the  .northern  two-thirds 


of  Canada,  but  polar  air  of  Canadian  origin 
occasionally  invades  the  United  States  in  sum- 
mer. When  it  does,  it  preserves  to  a  large 
extent  its  temperature  characteristics.  Con- 
vective  activity  in  the  United  States  is  extensive  " 
but  mild,  confined  in  height  to  700  mb  (10,000 
feety  or  less. 

Continental  polar  -air  is  infrequent  over 
Europe  in  summer.  Occasional  invasions  of  this 
air  come  from  Russia  or  the  Balkans,  and 
these  invasions  are  marked  by  warm  but  rela- 
tively stable  weather.  In  northern  Asia  (Siberia), 
this  air  is  dominant.  Occasionally  it  may  spread 
as  far  south  as  the  Himalayas.  Continental  polar 
air  is  entirely  absent  from  the  Southern  Hemi- 
sphere in  summe(. 

MARITIME  TROPICAL.-  On  the  west  coast, 
mT  air  of  Pacific  origin  has  little  or  no  in- 
fluence on  the  weather,  but  on  the  east  coast 
mT  air  is  the  most  extensive  air  mass  in  summer. 
The  mT  air  is  quite  warm  and  quite  moist  with 
a  dewpoint  near  or  in  excess  of  70°  R  at  the 
surface.  Low  stratiform  clouds  are  the  rule  in 
the  mornings,  especially  along  the  east  coast, 
becoming  eonvec.tive  clouds  during  the  day,  with 
frequent  thunderstorms  by  late  afternoon.  D&> 
spite  the  thunderstorms,  flying  conditions  are 
not  hazardous  because  the  thunderstorms  are 
easily  circumnavigated.  Ground  fogs  are  frequent 
with  northward  movement  of  mT*  air  over  land. 
Sea  fogs  are  frequent  with  movement  over  water. 
The  famous  fogs  of  the  Grand  Banks  are  typical 
of  mT  ai5bver  a  cold  ocean  current. 

When  mT  air  invades  southwestern  Europe, 
the  weather  .  is  somewhat  cooler  than  in  the 
United  States  because  of  the  cold  ocean  currents 
and  the  stable^  anticyclonic  circulation.  Over 
water,  mT  has  stratiform  low  clouds,  fog,  and 
drizzle.  Over  land  the  air  is  subject  to  mild 
convection. 


Asian  mT  air  originating  over  the  Pacific 
is  extremely  warm,  moist,  and.  unstable,  its 
characteristics  are  much  like  equatorial  air. 
Strong  convective  activity  and  heavy  showers 
are  the  rule  in  summer  in  southeast  Asia. 
Over  the  western  North  Pacific  great  fog  banks 
form  in  summer  in  mT  air,  much  in  the  same 
manner  and  for  the  same  reason  as  do  the  fog 
banks  over  the  Grand. Banks  of  the  Atlantic 
coast. 
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The  mT  air  masses  of  the  Southern  Hemi- 
sphere are  quite  similar  to  their  counterparts 
of  the  Northern  Hemisphere;  that  is,  on  the 
east  coast  qf  South  America, •  south  Africa,  and 
Australia,  the  weather  is  similar  to  that  on  the 
east  coast  of  North  America.  On  the  west  coast 
of  South  America,  Australia,  and  south  Africa,, 
the  weather  is  similar  to  that  on  the  North 
American  west  coast. 

CONTINENTAL  TROPICAL.-  This  air  is 
found  only  during  summer,  forming  over  a  small 
area  of  northern  Mexico,  western  Texas,  New 
Mexico,  and  eastern  Arizona.  It  can  be  identified 
by  its  extremely  high  surface  temperatures, 
very  low  humidities,  large  diurnal  temperature 
ranges,  and  rare  precipitation.  Flying  conditions 
are  excellent  with  respect  to  weatheiy^buTclear 
air  turbulence  is  extensive. 

European  cT  air  masses  have  their  source 
regions  in  north  Africa  and  Asia  Minor.  As 
they  move  into  southern  Europe,  much  moisture 
is  added  and  instability  showers  result.  In  north 
Africa  and  Asia  Minor,  cT  air  is  present  all 
year  round.  During  summer,  the  north  KRlcan 
air  mass  is  the  hottest  air  mass  on  record  in 
the  world.  It  is  extremely  warm  and  dry,  but 
quite  unstable. 

In  the  Southern  Hemisphere,  cT  air  is  found 
in  summer  in  South  America,  Australia,  and  a 
smaLTSnjea  of  south  Africa  (the  Kalahari  Desert). 
The  Sou*  American  cT  aiT  is.  usually  modified 
mT  jiir.  The  south  African  cT  air  mass  is 
small  and  somewhat'  cooler  than  either  of  the 
,  other  Southern  Hemisphere  cT  air  masses.  The 
Australian  cT  air  is  similar  in  all  character- 
istics to  the  north  African  cT  air  mass. 

EQUATORIAL  AIR.-  Equatorial  air  is  the 
air  on  either  side  of  the  thermal  EJquator,  with 
the  intertropical  convergence  zone  (ITCZ)  sep- 
arating the  Northern  and  Southern  Hemisphere 
equatorial  air.  It  is  warmer  than  mT  air,  and 
more  moist  at  all  levels.  In  India  and  southeast 
Asia  this  air  is  often  referred  to  as  monsoon 
air.  During  summer  it  is  characterized  by  ex- 
treme convective  activity  and  heavy  showers 
in  both  hemispheres. 

SUPERIOR.—  As  was  pointed  out  previously,  " 
S  air  is  observed  in  the  Northern  Hemisphere 
both  in  winter  and  in  summer.  The  only  difference 
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between  winter  and  summer  S  air  is  that  the 
temperatures  are  higher  m  summer. 

AIR-MASS  PROPERTIES 

In  studying  air  masses,  it  has  been  deter- 
mined that  the  physical  properties  of  an  air 
mass  depend  upon  its  life  history. 

During  the  life  span  of  an  air  mass,  some  of 
the  physical  properties,  such  as  the  surface  air 
temperature  and  humidity,  are  apt  to  change 
frequently  and  rapidly  due  to  lifting,  conduction, 
radiation,  evaporation,  or  some  local  topograph- 
ical feature.  Some  properties  of  the  air  mass 
remain  almost  constant  for  a  period  of  time. 
An  element  of  an  air  mass  that  has  little  change 
from  day  to  day  is  considered  as  being  con- 
servative. A  nonconservative  property  is  one 
that  changes  frequently  and  rapidly. 

Although  a  strictly  conservative  property 
probably  does  not  exist  in  the  atmosphere,  there 
are  certain  properties  that  for  a  short  period 
of  time,  and  under  certain  conditions,  are  so 
nearly  constant  that  they  may  be  considered 
as  conservative. 

The  most  important  physical  properties  in 
air  masses  are  those  that  concern  temperature  % 
and  moisture.  The  various  expressions  of  tem- 
perature and  moisture  are  summarized  in  table 
2.  You  should  learn  the  significance  of  the  varrous 
properties  listed  in  this  table. 

Since  many  nonadiabatic  processes  occur 
near  the  surface  of  the  earth,  it  becomes  nec- 
essary to  study  the  adiabatic  conditions  of  the  ' 
upper  atmosphere  in  classifying  an  air  mass. 
Some  authorities  differ  as  to  the  properties  to 
use  in  air-mass  identification.  However,  from 
table  2,  you  can  see  that  the  equivalent  potential 
temperature  and  the  potential  wet-bulb  tempera- 
ture are  conservative  relative  to  both  dry  adia- 
batic and  moist  adiabatic  temperature  changes, 
while  other  elements  are  conservative  in  regard 
to  only  one  type  or  nonconservative  in  regard 
to  both  types  of  temperature  change. 

In  order  to  understand  table  2  better,  it 
is  imperative  that  you  learn  the  definitions  of 
the  various  properties  listed  in  that  table*  Tem- 
perature, relative  humidity,  dewpoint,  and  min- 
ing ratio  are  defined  and  explained  in  the  pam- 
phlet about  physics.  The  remaining  terms  are 


Table  2,—  Conservative  characteristics  of  the  physical  properties  of  air 
masses  with  respect  to  adiabatic  temperature  changes. 


Property 


Conservative  with  respect  to 


Temperature 
Relative  humidity  - 
Dewpoint  temperature*  ' 
Wet-bulb  temperature  * 
Mixing  ratio* 
Potential  temperature 
Equivalent  temperature 
Equivalent  potential  temperature 
Potential  wet-bulb  temperature. 


Dry  adiabatic 
temperature 
changes  ♦ 


No 

No  ' 

Quasi-conservative 
No 
Yes 
Yes 
No 

Yes  , 
Yes 


Moist  adiabatic 
temperature 
changes 


No 
Yes 
No 
No 
.No 
No 
No 
Yes 
Yes 


♦These  two  properties  are  conservative  with  respect  to  nonadiabatic  temperature  changes; 
therefore,  It  is  advantageous  to  use  these  elements  in  the  analysis  of  surface  weather  charts. 


deflnfed  in  this'  section.  Most  of  the  following 
temperature  values  are  obtained  from  an  AROW- 
AGRAM. 

Potential  Temperature 

The  potential  temperature  is  the  tempera- 
ture that  a  iJarcel  of  air  would  have  if  it  were 
lowered  (or  raised)  dry  adiabatically  to  the 
UOOO-mb  level.  The  temperature  at  the  desired 
level,  as  it  appears,  on  an  AROWAGRAM,  is 
used  for  this  purpose  and  is  expressed  in  de- 
grees Celsius, 

Equivalent  Temperature 

The  equivalent  temperature  cannot  be  deter- 
mined accurately  on  the  AROWAGRAM.  A  rough 
estimate  can  be  obtained  by  lifting  the  air 
parcel  adiabatically  to  the  limit  of  the  chart, 
then  bringing  the  parcel  down  dry  adiabatically 
to  its  original  pressure  level  and  reading  the 
temperature.  The  principle  involved  is  real- 
ization of  all  latent  heat  of  condensation. 

Equivalent  Potential  Temperature 

The  equivalent  potential  temperature  is 
nothing  but  the  equivalent  temperature  reduced 
dry  adiabatically  to  the  1,000-rab  level. 


Wet- Bulb  Temperature 

The  wet-bulb  temperature  is  the  lowest 
temperature  to  which  the  free  air  can  be  cooled 
by  evaporating  moisture  into  it.  Normally  this 
temperature  is  a  direct-observation  element; 
that  is,  we  simply  observe  the  thermometer 
and  read  the  temperature  directly.  Above  the 
surface,  this  temperature  must  be  found  by 
indirect  means,  An  AROWAGRAM  may  be  used 
for  this  purpose,  and  the  wet-bulb  temperature 
is  found  by  raising  the  parcel  dry  adiabatically 
to  saturation,  and  then  reducing  it  along  a  moist 
adiabat  to  the  original  level  from  which  it  was 
raised.  The  wet-bulb  temperature  is  normally 
expressed  in  degrees  Celsius. 


Potential  Wet-Bulb  Temperature 

The  potential  wet-bulb  temperature  is  the 
wet-bulb  temperature  raised  or  lowered  along 
a  saturation  adiabat  to  the  l»000-m,b  level.  It 
too,  stands  in  the  same  relation  to  the  wet-bulb 
temperature  as  the  potential  temperature  does 
to  the  temperature.  The  easiest  way  to  re- 
member the  difference  between  these  various 
expressions  is  to  associate  the  word  1 'potential1 1 
with  the  1,000-rrib  level. 
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FRONTS 

Since  most  major  changes  of  the  weather 
are  associated  with  fronts,  it  is  essential  for 
the  Marine^  Science  Technician  to  become  thor- 
oughly familiar  with  them.  This  requires  that 
he  understand  the  relationship  of  fronts  to  cy- 
clones and  air  masses',  and  the  characteristics 
'of,  and  the  weather  associated  with,  the  vaiious 
types iof  fronts.  He  must  also  know  the  relation- 
ship jH^een.  fronts  and  pressure  systems.  Fi- 
nally,The  must  become  adept  at  following  frontal 
movements  and  anticipating  their  speeds  and 
the  ,modifications  which  they  undergo  along  the 
way. 

RELATION  OF  FRONTS 
TO  CYCLONES 

Every  front  is  associated  with  a  cyclone  in, 
a  systematic  way.  The  cyclone  is  a  counter- 
clockwise circulation  (in  the  Northern  Hemi- 
sphere) around  a  central  low-pressure  area, 
about  which  the  fronts  move.  Cyclones  con- 
tribute to  and  partly  control  frontal  movements, 
but  the  reverse  is  not  true.  The  development 
and  the  life  cycle  of  cyclones  are  discussed 
in  the  next  section  of  this  training  course. 
Suffice  it  to  say  here  that  cyclones  are  the 
center  of  bad  weather,  and  from  them  branch 
out  the  fronts  with  their  bad  weather  zones. 

RELATION  OF  FRONTS 
TO  AIR  MASSES 

In  the  previous  section  a  front  was  defined 
as  a  boundary,  or  line  of  discontinuity,  sep- 
arating two  different  air  masses.  From  the 
definition,  the  close  relationship  that  exists 
Wfetween  air  masses  and  fronts  can  be  readily 
seen.  In  fact,  without  the  air  masses  there 
would  be  no  fronts. 

On  a  surface  map  a  front  is  indicated  by  a 
line  separating  two  air  masses;  this  is  only  a 
picture  of  the  surface  conditions.  These  air 
masses  also  have  vertical  extent.  (See  figure 
39 J. A _ cold  air  mass,  being  heavier,  tends  to 
underrun  a  warm  air  mass.  Thus,  the  cold  air 
is  below  and  the  warm  air  is  above  the  surface 
of  discontinuity.  The  slope  of  a  frontal  surface 
is  usually  between  1  to  SO  (i  mile  vertical  for 
50  miles  horizontal)  for  a  cold  front  and  1  to 
300  (1  mile  vertical  for  300  miles  horizontal) 
for  a  warm  front.  For  example,  100  miles  from 


67 


348 


Figure  39,—  Vertical  view  qi  frontal  system 
(without  clouds  shown). 

the  place  where  the  frontal  surface  meets  the 
ground,  the  frontal  surface  might  be  somewhere 
between  2,000  feet  and  2  miles  above  the  earth's 
surface,  depending  on  the  slope.  The  slope  of  a 
front  is  of  considerable  importance  is  visualizing 
and  understanding  the  weather  along  the  front. 
In  general,  all  the  cross  sections  of  fronts  as 
shown  in  this  section  summarize  pictorielly  all 
the  pertinent  features  of  all  types  of  fronts 
under  average  conditions. 

Cold  Fronts 

A  cold  front  is  the  line  of  discontinuity  along 
which  a  wedge  of  cold  air  is  underrunning  and 
displacing  a  warmer  air  mass.  This  term  is 
also  used,  but  inexactly,  when  referring  to  a 
cold  frontal  surface. 

There  are  certain  weather  characteristics 
and  conditions  that  are  typical  of  cold  fronts. 
In  general,  the  temperature  and  humidity  de- 
crease, the  pressure  rises,  and  in  the  Northern 
Hemisphere  the  wind  veers  (usually  from  south- 
west to  northwest)  with  the  passage  of  a  cold 
front.  The  distribution  and  type  of  cloudiness 
and  the  intensity  and  distribution  of  precipita- 
tion depend  primarily  on  the  vertical  velocities 
in  the  warm  air  mass.  On  the*  basis  of  this 
latter  factor,  cold  fronts  are  classified  as  slow- 
moving  and  fast-moving  cold  fronts, 

SLOW-MOVING  COLD  FRONT.-  With  the 
slow-moving  cold  front  there  is  a  general  up- 
glide  of  warm  air  along  the  entire  frontal  sur- 
face except  for  pronounced  lifting  along  the 
lower  portion  of  the  front.  The  average  slope 
of  the  front  is  approximately  1:100  miles.  The 
cloud  and  precipitation  area  is  extensive  and 
is  characterized  by  cumulonimbus  and  nimbo- 
stratus  clouds,  showers,  and  thunderstorms  at, 
and  immediately  to  the  rear  of,  the  surface 
front.  This  area  is  followed  by  a  region  of  rain 
and  nimbostratus  clouds  merging  into  a  region 
of  altostratus  clouds  and  then  cirrostratus  clouds, 
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which  may  extend  several  hundred  miles  behind 
the  front. 

The  development  of  cumulonimbus  clouds, 
showers,  and  thunderstorms  is  largely  dependent 
on  the  original  instability  characteristics  of  the 
warm  air  mass.  Within  the  cold  air  mass  there 
may  be  some  stratified  clouds  in  the  rain  area, 
but  there  -axe  no  clouds  in  the  cold  air  beyond 
this  area  unless  the  cold  air  mass  is  unstable. 
In  the  latter  case,  some  cumulus  clouds  may 
devaltfp.  This  type  of  front  is  usually  slow 
moving;  15  knots  may  be  considered  average.  See 
figure  40  for  a  cross  section  through  a  typical 
.  slow-moving  cold  f  ront.- 

F AST-MOVING  COLD  FRONTS.-  With  the 
fas*- moving  cold  front  there  isdescendingmotion 
of  the  warm  air  along  the  frontal  surface  at 
high  levels,  and  the  warm  air  near  the  surface 
is  pushed  vigorously  upward.  This  type  of  front 
has  a  slope  of  1:40  to  1:80  miles  and  usually 
moves  rapidly;  25  to  30  knots  may  be  considered 
as  an  average  speed  of  movement.  As  a  result 
of  these  factors^  there  is  a  relatively  narrow 
but  often  violent  band  of  weather.  If  the  warm 
air  mass  is  conditionally  unstable  and  moist, 
cumulonimbus  clouds,  showers,  and  thunder- 
stormJ  occur  just  ahead  of  and  at  the  surface 
front,  and  rapid  clearing  occurs  behind  the 
front.  Frequently,  altrfstratus  and  altocumulus 
dfoud  layers  form  and  drift  ahead  of  the  main 
cloud  bank.  The  more  unstable,  the  warm  air 


mass,  the  more  violent  the  weather.  IS,  the  warm 
air  is  relatively  dry,  this  type  of  front  may  not 
produce  precipitation  or  clouds.  It  is  with  the 
fast-moving  cold  front  that  squall  lines  are 
associated. 

,  Figure  41  shows  a  typical  cross  section 
through  a  fast-moving  cold  front;  it  also  shows 
the  cloud  shield,  precipitation  shield,  and  frontal 
slope  (exaggerated  in  the  vertical)  associated 
with  this  type  of  front. 

Warm  Fronts 

A  warm  front  is  the  line  of  discontinuity 
where  the  forward  edge  of  an  advancing  mass 
of  relatively  warm  air  is  replacing  a  retreating 
relatively  colder'  air  mass.  As  in  the  case  of 
the  cold'  front,  this  term  is  used  inexactly  when 
referring  to  a  warm  frontal  surface. 

Certain  characteristics  and  weather  condi- 
tipns  are  associated  with  warm  fronts.  The 
winds  shift  from  southeast  to  southwest  or  west, 
but  the  shift  is  not  as  pronounced  as  with  the 
cold  front.  The  temperatures  are  colder  ahead 
of  the  front  and  are  warmer  after  the  passage 
of  the  front.  Not  being  greatly  affected  by  daily 
heating  and  cooling  of  the  earth's  surface,  the 
dewpoint  is  normally  more  constant  than  the 
temperature  through  the  day  except  with  the 
passage  of  a  front.  Therefore,  the  dewpoint  is 
a  good  index  of  frontal  passage.  The  average 
slope  of  a  warm  front  1:150. 
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Figure  40.—  Vertical  cross  section  of  a  slow-moving  cold  front. 
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Figure  41—  Vertical  cross  section  of  a  fast-moving  cold  front. 

Occluded  Fronts 


A  characteristic  phenomenon^  a  typical 
warm  fxpnt  is  the  sequence  of  cloud  formations. 
They  are  noticeable  in  the  following  order: 
Cirrus,  cirrostratus,  altostratus,  nimbostratus 
and  stratus.  The  cirrus  clouds  may  appear 
700  to  1,000  miles  ahead  of  the  surface  front 
followed  by  cirrostratus  about  600  miles  and 
altostratus  about  500  miles  ahead  of  the  surface 
front. 

Precipitation  in  th^Tform  of  continuous  or 
intermittent  rain,  snow,  or  drizzle  is  frequent 
as  much  as  300  miles  in  advance  of  the  surface 
front.  The  precipitation  is  associated  with  nim- 
bostratus above  the  frontal  surface  and  stratus 
within  the  cold  air.  However,  when  the  warm  air 
,is  c&nvectively  unstable,  showers  and  thunder- 
storms may  occur  in  addition  to  the  steady  pre- 
cipitation. Fog  is  common  ahead  of  a  warm  front. 

Clearing  usually  occurs  after  the  passage  of 
a  warm  front,  but  under  some  conditions  drizzle 
and  fog  may  ocav  within  the  warm  sector, 
warm  fronts  usually  move  in  the  direction  of 
the  isobars  of  the  warm  sector;  in  the  Northern 
Hemisphere  this  is  usually  east  to  northeast. 
.Their  speed  of  movement  is  normally  less  than 
that  of  cold  fronts;  on  the  average  it  maybe' 
considered  to  be  about  10  knots. 

v  '  / 

Figure  42  summarizes  pi ctori ally  /the  perti- 
nent features  of  warm  fronts  under  average 
conditions. 


An  occluded  front  occurs  when  a  cold  front 
-  overtakes  a  warm  front.  One  of  the  two  f rents 
is  lifted  aloft,  and  the  warm  air  between  the 
fronts  is  shut  off  from  the  earth's  surface.  An 
occluded  front  is  often  referred  to  as  an  occlu- 
sion. The  type  of  occlusion  is  determined  ov 
the  temperature  difference  between  the  cottr 
air  in  advance  of  the  warm  front  and  the  cold 
air  behind  the  cold  front. 

WARM  TYPE  OCCLUSION.-  If  the  air  in 
advance  of  the  warm  front  is  colder  than  the 
air  behind  the  cold  front,  the  cold  front  rides 
up  the  warm  frontal  slope.  (See  figure  43.) 

COLD  TYPE  OCCLUSION.-  If  the  cold  air 
ahead  of  the  warm  front  is  warmer  than  the 
cold  air  behind  the  cold  front,  the  cold  frontal 
surface  underruns  the  warm  front  and  the  oc- 
cluded front  is  called  a  cold  type  occlu&ion. 
(See  figure  44.) 

4 

The  primary  difference  between  a  .warm 
type  and  cpld  type  occlusion  is  the  location  of 
the  associated  Upper  front  in  relation  to  the 
surface  front.  (See  figure  45.)  In  a  warm  type 
occlusion  the  upper  cold  front  precedes  the 
surface  occluded  front  by  as  much  as  200  miles. 
In  the  cold  type  occlusion  the  upper  warm,  front 
follows  the  surface  occluded  front'  by  20  to 
SO  miles. 
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Figure  42, —  Vertical  cross  section  of  a  warm  f*0^" 


WARM  TYPE  OCCLUSION 


COLO  TYPE  OCCLUSION 


Figure  43.—  -Vertical  cross  section  of  a  warm 
type  occlusion. 


Figure  44.—  Vertical  cross  section  of  a  cold 
type  occlusion. 
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Figure  45.-  Sketch  of  occlusions  (in  the  horizontal)  and  associated  upper  fronts. 


Since  the  occluded  front  is  a  combination  of 
a  cold  front  and  a  warm  front,  the  resulting 
weather  is  that  of  the  cold  front's  narrow  band 
of  violent  weather  and  the  warm  front's  wide- 
spread area  of  cloudiness  and  precipitation  oc- 
curring in  combination  along  the  occluded  front. 
The  most  violent  weather  occurs  at  the  tip  of 
the  occlusion.  •  (The  tip  is  the  point  at  which 
the  cold  front  is  overtaking  the  warm  front.) 

Stationary  Fronts 

When  a  front  is  stationary,  the  cold  aiit 
mass,  as  a  whole,  does  not  move  either  toward 
or  away  from  the  front.  In  terms  of  wind  di- 
rection, tfiis  means  that  the  wind  above  the 
friction  layer  blows  neither  toward,  nor  away 
from  the  front,  but  parallel  to  it.  It  follows 
that  the  isobars,  too,  are  nearly  parallel  to  a 
stationary  front.  This  ^  characteristic  makes  it 
easy  to  recognize  a  stationary  front  on  a  weath- 
er map. 

The  frictional  inflow  of  warm  air  toward  a 
stationary  fipnt  causes  a  slow  upglide  of  air  on 
the  frontal  surface*  As  the  air  is  lifted  to  and 
beyond  its  lifting  condensation  level,  clouds 
form  in  the  warmer  above  the  front., 


If  the  warm 'air  in  a  stationary  front  is 
stable,  the  dlouds  are  stratiform.  Drizzle  may 
then  falls  and  as  the  air  is  lifted  beyond  the 
freezing  level,  icing  conditions  develop  and  light 


rain  or  snow  may  fall.  At  very  high  levels, 
above  the  top  of  the  front,  ice  clouds  are  present. 

If  the  warm  air  is  conditionally  unstable  and 
sufficient  lifting  occurs,  the  clouds  are  then* 
cumuliform  or  stratiform  with  cumuliform  pro- 
tuberances. If  the  energy  release  is  great  (warm, 
moist,  unstable  air),  thunderstorms  result.  Rain- 
fall if  generally  showe'ry. 

Within  the  cold  air  mass-  extensive  fog  and 
low  ceiling  may  result,  where  the  cold  air  is 
saturated  by  warm  rain  or  drizzle  falling  thiough 
it  from  the  warm  air  mass  above.  If  the  tem- 
perature is  below  32'  F.f  icing  may  occur,  but 
generally  is  light. 

The  width  of  the  band  of  precipitation  and 
-  low  ceiling  varies  from  50  miles  to  about  200 
miles,  depending  upon  the  slope  of  the  front 
and  the  temperatures  of  the  air  masses.  One 
of  the  most  annoying  chanacteristfcs  of  a  sta- 
tionary front  is  that  it  may  greatly  hamper 
and  delay  air  operations  'by  persisting  in  the 
area  for  several  days. 

PRESSURE  AT  FRONTS 

One  of  the  important  characteristics  of  all 
fronts  is  that  on  both  sides  of  a  front  the  pres- 
sure is  higher  than  at  the  front.  This  is  true 
even  though  one  of  the  air  masses  is  relatively 
warm  and  the  other  is  relatively  .cold.  Fronts  * 
are  associated  with  troughs  of  low  pressure. 
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(A  trough  is  defined  as  an  elongated  area  of 
relatively  low  pressure.)  A  trough  may  have 
U-shaped  or  V-shaped  isobars. 

Friction  causes  the  air  near  the  ground  to 
drift  across  the  isobars  toward  lower  pressure. 
This  causes  a  drift  of  air  toward  the  front  from 
both  sides.  Since  the  air  cannot  disappear  into 
the  ground,  it  must  move  upward.  Hence,  there 
is  always  a  net  movement  of  air  .upward  in  the 
region  of  %.  front.  This  is  another  important 
characteristic  of  fronts,  since  the  lifting  of 
the  air  causes  condensation,  clouds,  and  weath- 
er. While  air  motion  within  an  area  of  high 
pressure  is  downward  and  outward,  motion  in 
a  frontal  zone  is  inward  and  upward.  (This  is 
the  divergence  and  convergence,  respectively, 
mentioned  in  section  3.) 

Since  low-pressure  areas  are  formed  along 
primary  fronts  when  wave  development  takes 
place,-  it  is  easy  to  see  that  a  close  relationship 
•  -e$sts  between  cyclones  and  frontal  systems. 

Every  moving  cyclone  usually  has  two  sig- 
nificant lines  3?f  convergence  distinguished  by 
thermal  pippemies.  The  discontinuity  line  on  the 
forward  sjjle  of  the  cyclone  where  warm  air 
replaces  qoW:  air  is^he  warm  front;  the  dis- 
CCHttauity  llae  in  the  r£ar  portion  of  the  cyclone 

Ky$&re  col#  air  displaces  warm  air  is  the  cold 

'iront.        i  •  *  ;  - 

.  *  ;^  In  figure  .  33,  the  jwave  development  and 
formation  of,  a  cyclon^'  show  that  frontal  sys- . 
tejas  are  p&eSent  thrmigfjfout  the  .different  stages. 

^  Anticy^Qnes  are  usually*  coexistent  with 
areas  of  ^docj.,  weatSfei:.  This  is  due  mainly 
;to  divergence.  However,/  frontal  systems  may  at 
times  penetrate  the.  anticyclones  to  some  ex- 
tent. /  , 

FRONTAL  MOVEMENT 

The  weather  is  greatly  affected  by  the  move- 
ment of  frontal  .systems.  From  the  time  the 
front  develops  until  it  passes  out  of  the  weather 
picture,  it  is  watched  closely.  The  speed  at 
which  it  travels  and  the  modifications  which 
it  undergoes  are  important  considerations  in 
analyzing  and  forecasting  the  weather. 

Speed    • , 

The  speed  of  the  movement  of  frontal  sys- 
tems is  an  important  determining  factor  of 
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weather  conditions.  Rapidly  mo^uf  fronts  usu- 
ally cause  more  severe  jyeather '  than  slower 
moving  fronts.  For  example,  fast-moving  cold 
fronts  often  cause  severe  prefrontal  squall  lines 
which  are  extremely  hazardous  to  flying.  The 
fast-moving  front  does*  have  the  advantage  of 
moving  across  the  area  rapidly,  permitting  the 
particular  locality  to  enjoy  a  quick  return  of 
good  weatker.  Slow-moving- fronts,  on  the  other 
hand,  may  cause  extended  periods  of  unfavor- 
able weather.  A  stationary  front  which  may  bring 
bad  weather  can  disrupt  flight  operations  for 
several  days  in  succession. 

Knowledge  of  the  speed  of  the  frontal  system 
is  necessary  for  accurate  forecasting.  If  the 
front  has  a  somewhat  constant  speed,  it  makes 
the  forecaster's  job  comparatively  easy.  How- 
ever, if  the  speed  is  erratic  or  unpredictable, 
the  forecaster  may  err  as  far  as  time  and 
severity  are!  concerned.  His  forecast  may  never 
materialize  in  cases  in  which  the  front  becomes 
stationary  and  dissipates  without  passing  over 
the  forecaster's  area. 

Modifications 

There  are  many  factors  that  can  modify 
the  movement  of  frontal  systems.  In  this  section 
only  a  iew  of  the  more  important  factors  are 
considered. 

EFFECT  OF  MOUNTAINS.-  Mountain  ranges 
affect  the  speed,  the  slope,  and  the  weather 
associated  with,  a  front.4  The  height  and  hori- 
zontal distance  of  the  mountain  range,  along 
with  the  angle  of  the  front  along  the  mountain 
range,  are  the  influencing  factors.  The  effect 
of  mountain  ranges  differs  in  regard  to  cold 
fronts  and  warm  fronts. 

h  As  a  COLD  FRONT  approaches  a  mountain 
range,  the  lower  portion  of  the  front  is  retarded 
as  the  upper  portion  pushes  up  and  over  the 
mountain.  On  the  windward  side  of  the  mountain, 
precipitation  is  increased  due  to  the  additional 
lift^as  the  warm  air  is  pushed  up  along  the 
mountain  slope.  After  the  front  reaches  the  crest 
of  the  mountain,  the  air  behind  the  front  com- 
mences to  flow  down  the  leeward  side  of  the 
range.  If  the  air  on  the  leeward  side'  of  the  < 
mountain  *ilTwarmer  than  the  air  in  the  rear  of- 
the  cold  front,  the  warmer  air  is  forced  away 
and  replaced  by  the  colder  air  mass.  As  the 
cold  air  descends  the  lee  side  of  the  mountain, 
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Figure  46.-  Effect  of  adiabatic  heating. 


the  air  warms  adiabatically  (figure  46)  and 
clearing  occurs  within  it.  However,  since  the 
cold  air  is  displacing  warm  air,  typical  cold 
frontal  clouds  and  precipitation  may  occur  within 
the  warm  air  if  the  warm  air  is  sufficiently 
moist  and  conditionally  unstable.  In  some  cases 
maritime  polar  air  which  has  crossed  the  Rockies 
is  less  dense  than  maritime  tropical  air -from 
the  Gulf  of  xMexico  which  may  lie  just  east  of 
the  mountains.  If  the  maritime  polar  air  is 
moving  with  a  strong  westerly  wind  current  and 
the  maritime  tropical  air  is  moving  with  a  strong 
southerly  wind  current,  the  maritime  polar  air 
may  overrun  the  maritime  tropical  air.  This 
results  in  eXfrejrlely^heavy  showers  and  violent 
thunderstorms  and  is  one  of  the  conditions  under 
which  tornadoes  occur. 

If  colder  stagnant  air  lies  to%the  lee  side 
of  the  mountain  range,  the  cold  front  on  passing 
over  the  range  does  not  reach  the  surface  and 
travels  as  an  upper  cold  front.  Under  this 
condition  frontal  activity  is  at  a  minimum.  This 
situation  does  not  continue  indefinitely;  either 
the  stagnant  air  mixes  with  the  air  above  and 
the  surface  of  separation  becomes  spread  out, 
or  the  upper  cold  front  breaks  through  to  the 
ground  with  the  development  of  thunderstorms 
and  squalls. 

As  a  cold  front  passes  a  mountain  range,  it 
may  develop  a  bulge  or  a  wave  as  a  portion  of 


the  front  is  retarded.  In  the  case  of  an  occlu- 
sion, a  new  and  separate  cyclone  circulation 
may  occur  at  the  peak  of  the  warm  sector  as 
the  occluded  front  is  retarded  by  a  mountain 
range. 

In  general,  it'  may  be  said  that  the  area  of 
precipitation  is  widened  as  the  front  approaches 
the  range  and  that  there  is  increased  intensity 
of  the  precipitation  area  and  cloud  system  on 
the  windward  side  of  the  range  and  a  decrease 
on  the  leeward  side.  (See  figure  47.) 

Con&ider  the  effect  of  a  mountain  range  on 
a  WARM  FRONT.  When  a  warm  front  approaches 
a  mountain  range,  the  upper  section  of  the 
frontal  surface  is  above  the  effects  of  the  moun- 
tain range  and  does  not  come  under  its  influence. 
As  the  lower  portion  of  the  frontal  surface  ap- 
proaches '  the  range,  the  underlying  cold  wedge 
is  cut  off,  forming  a,  more  or  less  stationary 
front  on  the  windward  side  of  the  range.  The 
inclination  of  the  frontal- surface  above  the  range 
decreases  and  becomes  more  horizontal  near  the 
mountain  surfaces,  but  the  frontal  surface  main- 
tains its  original  slope  at  higher  altitudes.  Whue 
the  stationary  front  on  the  windward  side  of  the 
range  may  be  accompanied  by  prolonged  pre- 
cipitation, the  ab^liegof  ascending  air  on  the 
leeward  side  of  the  rarige  causes  little  or  no 
precipitation.  The  Wfnair  descending  the  lee- 
ward side  of  the  range  causes  the  cloud  system 
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Figure  47,—  Effect  of  mountains  on  a  cold  front. 


figure  48.—  Effect  of  mountains  on  a  warm  frpnt. 


to  dissipate  and  the  warm  front  to  travel  as  an 
upper  front. 

Frontogenesis  (tye  formation  of  a  new  front 
Or  the  regeneration  of  an  old  front)  may  occur 
\n  the  pressure-trough  area  that  accompanies 
the  front.  The  frontal  surface  then  gradually 


forms  downward  as  the  frontal  system  moves 
away  from  the  mountain,  and  it  extends  to  the 
earth's  surface  again, . 

Therefore,  the '  effect  of  the  mountain  range 
on  a  warm  front  Is., to  .widen  and  prolong  the 
precipitation  on  the  Windward  £ide  of  the  range, 
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while  on  the  leeward  side  the  precipitation  band 
is  narrowed  and  weakened,  or  dissolved.  (See 
fijgure  48.) 

Mountain  ranges  have  much  the  same  effect 
on  OCCLUDED  FRONTS  as  they  do  on  warm  and 
cold  fronts.  Cold  type  occlusions  behave  as  cold 
fronts  and  warm  type  occlusions  behave  as  warm 
fronts.  The  occlusion  process  is  accelerated 
when  an  open  wave  approaches  a  mountain  range 
because  the  warm  front  is  retarded  while  the 
cold  front  continues  its  normal  movement  until 
it  reaches  the  mountain  range. 

EFFECT  OF  OCEAN  CURRENTS.-  Ocean 
currents  have  a  modifying  effect  on  frontal 
movement.  To  understand  why  ocean  currents 
have  such  an  effect,  it  is  necessary  for  you  to 
consider  the  movement  o'f  the  currents. 

In  middle  latitudes,  ocean  currents  carry 
warm  water  pway  fronl  the  Equator  along  the 
eastern  coasts  of  continents,  "and  carry  cold 
water  toward  the  Equator  along  the  western 
coasts  of  continents.  The  most  active  frontal 
zones  of  the  winter  season  are  found  where  cold 
continental  air  moves  over  warm  water  off 
eastern  coasts.  This  situation  is  noticeable  over 
the  Atlantic  Ocean  off  the  east  coast  of  the 
United  States.  As  a  cold  front  moves  off  the 
coast  and  over  the  'Gulf  Stream,  it  becomes 
intensified,  causing  wave  development  to  occur 
near  the  Cape  Hatteras  area.  This  gives  the 
east  coast  of  the  United  States  .much  cloudfness 
and  precipitation.  A  similar  situation  occurs 
off  the  east  coast .  of  Japan.  That  area  in  the 
Pacific  generates  more  cyclones  than  any  other 
area  in  the  world. 

OTH^R  EFFECTS.—  The  movement  of. a 
frontal  system  from  one  area  to  another  often 
has  a  great  modifying  effect,  causing  the  front 
to  be  regenerated  in  some  instances  and  to  be 
dissipated  in  others.  Transition  affects  waves 
and  cyclones  as  well  as  fronts. 

When  dissipating extratropical  cyclones  enter 
regions  of  frontogenesis  and  cyclogenesis,  these 
cyclones  are  frequently  regenerated  into  active 
disturbances.  This  is  usually  caused  by  an 
influx  of  warm  moist  air  to  the  east  and  cold 
air  to  the  west  of  the  center.  In  a  Situation  in 
which  a  well-defined  cyclone,  associated  with 
a  front  (or  fronts),  moves  eastward  over  the 
Rocky  Mountains,  the  frontal  system  is  usually 


weakened  by  the  time  it  descends  the  eastern 
slopes.  If  there  is  an  influx  of  warmer  moist 
air  from  the  Gulf  of  Mexico,  the  frontal  syntem 
is  regenerated  as  it  moves  eastward.  If  the 
circulation  to  the  east  of  the  mountain  range  is 
such  that  no  moist  air  is  drawn  into  the  cyclone 
or  fronj^l  system,  frontolysis  (tlje  prcigegs  of 
a  front  weakening  or  dissolving)  takes  placfe. 

Frontal  systems  moving  from  water  to  land 
areas  tend  to  weaken  if  an  influx  of  moist  air 
is  not  brought  into  the  situation.  On  -the  other 
hand,  a  frontal  system  moving  from  land  areas 
to  water  areas  is  generally  regenerated  by  the 
influx  of  moist  air.  For  example,  a  frontal 
system  may  become  quasi- stationary  in  the 
vicinity^^tiie  east  coast  of  the  United  States. 
This  frontaf^aystem  is  usually  oriented  in  a 
northeast- southwest  direction  and  occurs  mostly 
during  the  summer  and  autumn  months,  when 
outbreaks  of  cP  air  move  southeastward  over 
the  States.  These  fronts  usually  lose  their  in- 
tensity over  the  Southern  States  and  movement 
ceases.  Frequently,  stable  waves  develop  an 
travel  along  this  frontal  system,  causiLg  un- 
favorable weather  conditions.  When  these  waves 
move  out  to  sea  and  warmer  moist  air  is 
brought  into  them,  they  become  unstable  waves 
and  ate  regenerated  as  they  move  across  the 
ocean. 

EASTERLY  WAVES  AND  THE  ITCZ 

EASTERLY  WAVES 

An  easterly  wave  is  defined  as  a  wavelike 
disturbance  which  moves  east  to  west  in  the 
current  of  the  tropical  easterlies.  When  viewed 
from'  a  horizontal  plane,  an  easterly  wave  is 
normally  oriented  from  northeast  to  southwest. 
In  a  vertical  plane  it  may  slope  to  the  eaet  or 
to  the  west,  or  it  may  be  vertical.  The  slope  of 
an  easterly  wave  may  change  with  time.  The 
location  of  the  bad  weather  associated  witty  an 
easterly  wave  is  an  indication  of  the  slope.  The 
weather  associated  with  easterly  waves  is  show- 
ery precipitation  and  thundershowers.  The  clouds 
associated  with  easterly  waves  are  cumulus 
congestus  and  cumulonimbus.  T}iey  are  arranged 
in  parallel .  bands  with  layers  of  altocumulus ' 
and  altostratus  clouds  along  with  higher  layers 
of  citrus  clouds  connecting  the  cumulonimbus 
clouds.  Visibility  is  good  except  id  the  areas 
of  precipitation. 
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Figure  49.—  Vertical  cross  section  of  a  stable  easterly  wave. 

There  are  three  types  of  easterly  waves—  INTERTROPICAL 
stable,  neutral,  and  unstable.  x        CONVERGENCE  ZONE  * 


*  Stable  Wave 

This  typ'e  of  wave  slopes  to  the  east  with  . 
height.  To  the  west  of  the  trough  line,  wji$s 
at  the  surface  and  aloft  are  predominantly  north- 
easterly. This  area  experiences  falling  pres- 
sures; but  due  to  *  divergence  at  all  levels,  i 
fair  weather  prevails.  East  of  the  trough  line, }  * 
the  surface  and  upper  air  winds  veer  to  the 
southeast.  The  intense  convergence  found  ift » 
this  area  produces  'widespread  cloudiness  and 
shower  activity.  This  is  the  nlo?t  common  type 
of  easterly  wave,  (See  figure  49,) 

Nfcutral  Wave 

With  a  neutral  wave,  the  bad  weather  is 
symmetrical  around  the  trough  line,  and  the 
most  intense  weather  occurs  along  the  trough 
line.  Thfis  type  of  wave  is  vertical  (no  slope)  * 
and  is  typical  of  a  wave  that'  is  intensifying,  - 

Unstable  Wave  » 

This  type  of  wave  has  the  most  violent 
weather  and  is  often  associated  with  the  devel- 
opment of  typhoons  and  hurricanes.  The  weather 
associated  with  the  unstable  wave  i$  ahead -of 
the  trough  line,  and  the  wave  slopes  to  the  west  " 
with  height.  .  . 


.The  intertropical  convergence  zone  (ITCZ) 
#  is  a  weather  „band  in  the  doldrums  that  extends 
around  t£e  earth.  It  is  eaused  by  the  conver- 
gence of,  the  northeast  trade  winds  of  the  Nprth- 
em  Hemisphere  and  the  southeast  trade  winds 
.  of  the  Southern  Hemisphere.  In  taost  cases 
the  ITCZ  has  no  sharp  frontal ,  discontinuity, 
but  is  a  zone  varying  in  width  from  50  to  400 
miles.  *  /  ,         /  - 

Since  the  wind  shift,  across  the  ITCZ' vanes 
from  place, to  place  due'to  the'-differen£  inten- 
sities of -the  'two  trade  winds,,  the  wea'ther  band 
varies  correspondingly  -in  wi&th  and  intensity. 

The  iTCZ's  positioh  varies  with  the  season;, 
it  tends  to  follow  the  sun.  If>  reaches  its  north- 
ernmost position  in  late  August  and  its  south- 
ernmost position  in  February.  The  mean  posi- 
tion oi,  the  ITCZ  in 'the  Atlantic  is  always  north 
of  the  Equator.  In  ttfe  eastern  Pacific  it  does 
not  dhange*positions  appreciably  and  .lies  north 
of  tfte  Equator.  In  the  western  Pagific,  however, 
it  lies  across  northern  Australia'jn  February  and 
is\over^the  Philippines  ialate  August. 

**     i    '  /  * ''  *i 

The  intensity  of  the  weather  depends  upon 
the  stabifity  of  the,  air  masses  and' the  degree 
of  convergence.  The  continuous  formation  and 
dissipation  of  cumulonimbus  clouds  result*'  in 
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cloudy  skies;  multiple  clouo  layers,  low 
ceilings  and  visibility,  numerous  thunoershowers 
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Figure  50.—  Weather  conditions  in  an  active  portion  of  the  ITCZ. 


many  intermediate  and  high  clouds  of  the  alto- 
•  stratus  and  cirrus  types. 

At  its  worst,  the  ITCZ  is  an  area  of  solid 
cumulonimbus  clouds  rising  to  40,000  feet  or 
more,  with  thick  layers  of  altostratus  extending 
outward  from  several  layers.  Frequently,  ceil- 
ings and  visibilities  are  lowered  to  near  zero 


in  heavy  rain.  Under  such  conditions,  turbulence 
is  severe  with  heavy  icing  in  clouds  above  the 
freezing  level.  (See  figure  50.) 


At  its  best,  the  ITCZ  may  be  merely  an 
area  of  broke**  to  overcast  altostratus  clouds, 
with  swelling  cumulus  clouds  below. 
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SPECIAL  PHENOMENA 

J 


This  section  deals  with  the  hazardous  and- 
destructive  weather  phenomena  that  continually 
pose  a  thre.at  to  ships,  aircraft;  and  other,  struc- 
tures. The  formation,  detection,  and  movement  of 
thunderstorms,  tornadoes,  waterspouts,  dust 
devils,  and  tropical  cyclones  are  discussed;  in 
addition,  the  various  emergency  weather  warn- 
ings and  conditions  of  readiness  used  to  minimize 
damage  from  these  phenomena  are  explained. 

THUNDERSTORMS 

A  Marine  iScience  Technician  must  be  cog- 
*  nizant  of  thunderstorm  activity  in  order  to  advise 

pilots  as  to  the  best  possible  routes  for  flight. 
Since  approximately  44,000  thunderstorms  occur 
daily  over  the  surface  of  the  earth,  a  pilot  will 
.  sometimes  fly  "through  a  thunderstorm  or  a 
thunderstorm  area.  The  turbulence  within  mctot 
thunderstorms  Is  considered  one '  of  the"  worst 
hazards  of  flying.  - 

Ground  personnel  also  need  to  be  advised  of 
the  strong  gusty  surface  winds  that  are  often 
associated  with  the  thunderstorm. 

Much  of  the  information  about  thunderstorms 
in  this  section^  is  based  on  the  findings  of  the 
Thunderstorm  Project  which  was  conducted  in 
•  ^  1946  and  1947  at  OrlandojiFla.,  and  Wilmington, 
Ohio,  as  a  joint  project  of  the  weather  services 
vi  the  Armed  Forces  and  the  Weather  Bureau. 

*fc  FORMATION 

The  thunderstorm  represents  a  violent  and 
spectacular  atmospheric  phenomenon*  The  thun- 
derstorm is  usually  accompanied  by  lightning, 
thunder,  heavy  rain,  gusty  surface  wind,  and 
frequently  by  hail.  A  certain  combination  of 
atmospheric  conditions  A&  necessary  for  the 
fprmation  of  a  thunderstorm.  These  factors  are 
conditionally  unstable  air  of  relatively  high  hu- 
midity and  some  type  of  lifting  action.  Before 
the  air  actually  becomes  unstable,  it  must  be 
lifted  to  ,a  point  where  it  fs  warmer  than  the 


surrounding  air.  When  this  condition  is  brought 
about,  the  relatively  warmer  air  continues  to 
rise  freely  until,  at  some  point;  aloft,  its  torn-  v 
perature  has  cooled  to  the  temperature  ol  the  , 
surrounding  air.  In  order  to  bring  the  warm 
surface  air  to  a  point  where  it  will  continue  to 
rise  freely,  some  type  of  external  lifting  action 
must  be  introduced.   Many  conditions  satisfy 
this   requirement.   For  example,  an  air  mass  , 
may  be  lifted  by  heating,  terrain*  and  fronts  or 
convergence. 

STRUCTURE 

The  fundamental  *  structural- element  of  the 
thunderstorm  is  the  unit  of  convecttve  circulation 
known  as  a  connective  cell.  A  mature  thuLder- 
stonn  contains  several  of  these  cells,  which 
vary  in  diameter  .from  l,to  6  miles.  By  radar 
analysis  and  measurement  of  drafts,  it  has  been 
determined  that,  generally,  each  cell  is  inde- 
pendent of  surrounding  cells  of  the  same  storm. 
Each  cell  progresses  through  a  cycle  which  lasts 
from  1  to  3  hours.  In  the  initial  stage  (cumilus 
development),  the  cloud  consists  of  a  single  cell; 
but  as  the  development  progresses,  new  cells 
form  and  older  cells  dissipate.  - 

The  life  cycle  of  the-thunderstorm  cell  con- 
sists of  three  distinct  stages;  they  are  the  cu- 
mulus stage,  the  mature  stage,  and  the  dissipat- 
ing or  anvil  stage.  (See  figure  51.) 

Cumulus  Stage 

Although  most  cumulus  clouds  do  not  become 
thunderstorms,  the  initial  stage  of  a  thunder- 
storm is  always  a  cumulus  cloud.  The  ohief 
distinguishing  feature  of  this  cumulus  or  build- 
ing stage  is  an  updraft,  which  prevails  through- 
out the  entire  cell.  Such  updrafts  vary  from  a 
few  feet  per  second  to  as  much  as  100  feet  per 
second  in  mature  cells. 

Mature  Stage 

Sie  beginning  of  surface  rain,  with  adjacent 
ts   and  downdrafts,  initiates  the  mature 
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Dissipating  (Anvil)  Stage 

Throughout  the"  life  span  of  the  mature  Cell, 
more  and  more  air  aloft  is  beijag  dragged  down 
by  the  falling=raindrops.  €onsequently,*the^iown— 
draft  spreads  out  to  take  the  place- of  the  dis- 
sipating updraft.  As  this  process  progresses,  the 
entire  lower  portion  of  the  cell  becomes  an 
area  of  downdraft.  Since  this  is  an  unbalanced 
situation,  and  since  the  descending  motion  in  the 
downdraft"  effects  a  drying  process,  the  entire  * 
structure  begins  to  dissipate.  The  high  winds 
aloft  have  now  carried  the  upper  section  of  the 
cloud  into"the  anvil  form,  indicating  that  gradual 
dissipation  is  overtaking  the  storm  cell. 


Figure  51.—  I*ife  cycle  of  a  thunderstorm  cell.      VERTICAL  DEVELOPMENT 


) 


stage.  By  this  time-  the  apex  of  the  average  cell 
has  attained  a  height  of  25,000  feet  or  more.. 
As  the  raindrops  begin  to  fall,  the  frictional  drag 
between  the .  raindrops  and  the  surrounding  air 
causes  the  air  to  begin  a  downward  motion. 
Since  die  lapse  rate  within  a  thunderstorm  cell 
is  more  than  the  moist  adiabatic  rate,  the 
descending  saturated  air  soon  reaches  a  level 
where  it  is  colder  than  its  environment;  con- 
sequently, its  rate  of  downward  motion  is  ac- 
celerated. This  is  a  downdraft! 

» 

•A  short  time  after  the  rain  starts  its  initial 
fall,  the  updraft  reaches  its  maximum  speed.  Air- 
crafty  nj^ts^yements  made  by  the  Thunderstorm 
I^fisP'siiow  that  updrafts  increase  in  speed 
with  altitude  up  to  25,000  feet,  which  was  the 
top  level  of  flight.  They  also  show  that  down- 
drafts  are  usually  Strongest  at  the  middle  and 
uppor  flight  levels,  although  the  variation  in 
speed  from  one  altitude  to  another  is  less  than 
in  the  "case  of  updrafts.  Downclrafts  are  not  as 
strong  as  updrafts;  downdraft  speed  ranges  from- 
a  few  feet  per  second  to  about  40  feet  per  second. 
Significant  downdrafts  seldom  extend  to  the  top 
of  the  cell  because  in  most  cases  only  ice  crys- 
tals and  snowflakes  are  present,  and  their  rate 
of  fall  is  insufficient  to  cause  appreciable  down- 
drafts. 


Tne  mature  cell,  then,  generally  extends  far 
above  25,000  feet,  and  the  lower  levels  consist 
of  sharp  updrafts  and  downdrafts.  adjacent  to 
each  other*  Large  watec  droplets  'are  Encountered 
suspended  in  the  updrafts,  and  descending  with 
the  downdrafts  as  rain. 


Measurement  z 

Measurements  of  the  vertical  extent 'of  thun- 
derstorm activity  were  made  by  personnel  of  the 
Thunderstorm  Project  by  using  radar  equipment 
with  a  range-height  indicator  (RHI).  They  found 
that  the  closest  correspondence  between  the 
radar-measured  top  and  the  actual  top  occurs 
during  the  cumulus  stage. 

Of  the  storms  observed,  those  of  greatest 
vertical  extent  were  of  the  air-mass  variety. 
The  few  frontal  storms  observed  appeared  to 
be  the  least  in  vertical  development.  Storms 
of  50,000  feet  or  over  were  measured  in  less 
than  10  percent  of  the  cases  observed.  The 
average  of  all^ifiights  measured  was  37,000  feet, 
and  the  maximum  height  measured  was  56,000 
feet.  These  figures  are  from  the  findings  of  the 
Thunderstorm  Project  only  and  are  based  on 
radar  data  collected  during  the  summer  of  1947 
in  Ohio.  Thunderstorms  have  been  accurately 
measured  as  high  as  67,000  feet,  and  it  is 
believed  that  some  severe  thunderstorms  ac- 
tually attain  a  greater  height  than  this. 

'Drafts  and  Gusts 

Rising  and  descending  drafts  of  air  are,  in 
effect,  the  structural  bases  of  the  thunderstorm 
cell.  A  draft  is  a  large-scale  vertical  current 
of  air  that  is  continuous  over  many  thousands 
of  feet  of  altitude.  Speeds  of  the  drafts  are 
either  relatively  constant  or  gradually  varying 
from  one  altitude  to  the  next.  Gusts,  on  the 
other  hand,  are  smaller  scaled  discontinuities 
associated  with  the  draft  proper.  A  draft  may  . 
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1  be  compared  to  a  great  river  flowing  at  a  fairly 
"  constant  rate,  whereas  a  gust  is  comparable  to 
an  eddy  or  any  other  random  motion  of  water 
within  the  main  current. 

Considerable  data  on  drafts  were  collected 
and  tabulated  by  Project  personnel,  and  certain 
very  definite  conclusions  can  be  made.  Some  of 
the  findings  are  as  follows: 

U  The  maximum  updrafts  were  found  in 
the  middle  and  upper  levels  flown. 

♦» 

2.  Mean  updraft  and  downdraft  velocities 
increased  witl^  heights . 

3.  Updrafts  were  generally  of  greater  ve- 
locities than  downdrafts.  - 

THUNDERSTORM  WEATHER 
m  Rain 

Liquid  water  in  a  storm  may  be  ascending 
if  encountered  in  a  strong  updraft;  it  may  be 
suspended,  seemingly  ,  without  'motion,  yet  in 
extremely  heavy  concentration;  or  it  may  befall- 
ing to  the  ground.  Rain,  as  normally  measured 
by  surface  instruments,  is'  associated  with  the 
downdraft.  This  does  not  preclude  the  possibility 
of  a  pilot  entering  a  cloud  and  being  swamped, 
so  to  speak,  even  though  rain  has  not  been  ob- 
served from  surface  positions.  Rain  is  found  in 
almost  fcvery  case,  of  penetration  below  the 
freezing  level.  In  instances  in  which  no  rain  is 
encountered,  the  storm  probably  has  not  developed 
into  the  mature  stage. 

Statistics  show,'  although  heavy  rain  is  gen- 
erally reported  at  all  levels  of  a  mature  storm, 
that  specific  altitudes  seem  to  represent  the 
greatest  frequency  of  heavy  rain.  In  all  observa- 
tions the  greatest  incidence  of  heavy  rain  oc- 
curred in  the  middle  and  lower  levels  of  the 
storms.  The  10,000-  Jo  11,000-foot,  level  showed 
the  'greatest  frequency  of  heavy  rainfall,  and  the 
5,000-  to  6,000-foot  level  showed  the  next  great- 
est frequency. 

Hall 

During  the  operations  of  the  Project,  hail 
was  encountered  at  a  maximum  of  10  percent  of 
the  traverses  at  any  given  altitude.  Vety  seldom 
was  it  found  at  more  than  one  or  two  levels 


within  the  same  storm.  When  it  was  observed, 
its  duration  was  very  short.  The  maximum 
occurrence  was  found  to  be  at  the  middle  levels 
for  all  intensities  of  hail.  However,,  the  area 
from  which  the  data  were*taken  is  far  removed 
from '  the  region  of  the  greatest  surface  hailh 
the  Great  Plains  States. 

Snow 

The  maximum  frequency  of  moderate  and 
heavy  snow  occurred  at  the  20,000-  and  21,C0O- 
foot  levels.  Snow,*  mixed  in  many  cases  with 
supercooled  rain,  was'  encountered  at*  all  al- 
titudes abtfve  the  freezing  level.  This  presented 
a  unique  icing  problem— wet  snow  packed  on  Ibe 
leading  edge  of  the  wing  of  the  aircraft  and 
resulted  in  the  formation  of  rime  ice. 

Turbulence 

There  is  a  certain  definite  correlation  be- 
tween turbulence  and  precipitation.  Previously 
it  was  believed  that  precipitation  had  a  dampen- 
ing effect  on  turbulence.  This  was  found  to  be 
nearly  100  percent  in  error.  It  is  clearly  evident 
that  the  intensity  of  associated  turbulence,  in 
most  cases,  varies  directly  with  the  intensity  of 
the  precipitation. 

Icing 

Since  icing  presents ,  an  obvious  flight  hazard, 
it  is  well  to  analyze  data  relating  to  this  problem. 
At  the  20,000-foot  level,  ice  was  encountered  on 
more  than  50  percent  of  all  traverses.  The 
majority  of  this  ice  was  classified  as  rime. 
In  no  case  did  the  ice  accumulate  to  the  degree 
that  safe  flight  was  not  possible,  but  it  is  be- 
lieved that  this  was  mainly  due  to  the  relatively 
short  duration  that  the  aircraft  was  subjected 
to  icing  conditions  in  these  traverses. 

Since  the  freezing  level  is  also  the  zone  of 
greatest  frequency  of  heavy  turbulence  ano  gen- 
erally heavy  rainfall,  this  particular  altitude 
appears  to  be  the  most  hazardous. 

Surface  Wind  '  • 

A  significant  hazard  associated  with  thunder- 
storm activity  is  the  rapid  change-  in  sui-face 
wind  direction  and  speed  immediately  prior  to  - 
storm  passage.  The  strong  winds  at  the  surface 
accompanying   thunderstorm  passage  are  the 
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result  of  the  horizontal  spreading  out  of  down- 
draft  currents  from  within  the  storm  as  they 
approach  the  surface  of  the  earth. 

.  The  total  wind  speed  is  a  result  of  the  down- 
draft  divergence  plus  the  forward  velocity  of 
the  storm  cell.  Thus,  the  speeds  at  the  leading 
edge,  as  the  storm^  approaches,  are  greater  than 
those  at  the  trailing  edge,  .  The  "initial  wind 
surge,  as  observed  at  the  surface,  tis  known  as 
the  FIRST  GUST-  •  . 

The  speed  of  the  first  gust  is  normally  the 
highest  recorded  during  storm  passage,  and  the 
direction  may  vary  as  much  as  180  degrees  from 
the  previously  prevailing  surface  wind.  First- 
gust  speeds  increase  to  an  average  of  about  16' 
knots  over  prevailing  speeds,  although  gusts  of 
.oyer  78  knots  (90  mph)  have  been  recorded. 
The  average  change  of  wind  direction  associated 
with  the  first  gust  is  about  40  degrees. 

CLASSIFICATION 

All  thunderstorms  are  similar  in  physical 
makeup;  but  for  purposes  of  identification,  they 
may  be  divided  into  two  general  groups— frontal 
thunderstorms  and  air-mass  thunderstorms. 

'Frontal 

Frontal  thunderstorms  are  most  commonly 
associated  with  the  warm  and  cold  types  of 
fronts.  ■  - 

The.  warm- front'  thunderstorm  is  caused  when 
warm,  moist,  unstable  air  is  forced  aloft  over 
a  colder,  denser  shelf  of  retreating  air.  Warm- 
fropt  thunderstorms  are  generally  scattered; 
they  are  difficult  to  identify  because  they  are 
obscured  by  other  clouds.  >  * 

The  cold-front  thunderstorm  is  caused  by 
the  forward  notation  of  a  wedge^  of  cold  air  into 
a  body  of  warm,  moist,*  unstable  air. »  Cold- 
front  storms  are  normally  positioned  aloft  along 
the  frontal  surface  in  what  appears  to  be  a 
continuous  line. 

Und&r  special  -atmospheric  conditicms,  a 
line  of  .thunderstorms ,  develops"  ahead  of  a  cold 
front.  This  line  of  thunderstorms  is  known  as 
a  prefrontal  squall  line.  Ita  distance  ahead  of" 
the  .front  ranges  "from  50  to  300  miles.  Pre- 
frontal thunderstorms  are  usually  intense  and 
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appear  very  menacing.  Bases  of  the  clouds  are 
vefy  low.  Tornadoes  sometimes  occur  when  this 
type  of  activity  is  present. 

Air  Mass 

Air-mass  thunderstorms  are  subdivided  into 
several  types.  In  this  discussion,  however,  only 
.  two  basic  types  are  mentioned— the  convective 
thunderstorm  and  the  orographic  thunderstorm. 

CONVECTIVE.—  Convective  thunderstorms 
may  occur  over  land  or  water  almost  anywhere 
in  the  world.  Their  formation  is  caused  by 
solar  heating  of  various  areas  of  the  land  or 
sea,  which,  in  turn,  provides  heat  to  the  air  in 
transit.  The  land  type  of  convective  thunder- 
storms normally  forms  during  the  afternoon 
hours  after  the  earth  has  gained  maximum  heat- 
ing from  the  sun.  If  the  circulation  is  such  that 
cool,  moist,  convectively  unstable  air  is  passing 
over  this  land  area,  heating  from  below  causes 
convective  currents  and  results  in  towering 
cumulus  or  thunderstorm  activity.  Dissipation 
usually  begins  during  the  early  evening  hours. 

Storms  that  occur  over  bodies  of  water  form 
id  the  same  manner,  but  at  different  hours.  Sea 
storms  usually  form  during  the  evening  after  the 
sun  has  set.  They  dissipate  during  the  late 
morning.  An  example  that  combines  both  types 
of  convective  thunderstorms  is  the  situation  that 
exists  in  Florida^Circulation  around  the  Ber- 
muda high  transports,  moist  air  over  the  land 
Surface  of  Florida  dining  the  entire  day.  The 
Bermuda  high  causes  air  to  flow  from  the  east 
over  Florida.  Thunderstorms  off  the  east  Florida 
coast  at  night  are  caused  by  warm  air  advec- 
tion  from '  the  east  wind  and  the  warm  axis 
of  the  Gulf  Stream,  aided  by  nocturnal  cooling 
of  air  above  sea  level,  setting  up  an  unstable 
lapse  rate.  During  the  hours  of  sunlight,  the 
land  surface  is  considerably  warmer  than  the 
air;  consequently,  the  air  is  subjected  to  head- 
ing from  below.  Convective  currents  result,  anci 
the  common  afternoon  thunderstorm  is  observed. 
After  sundown,  the  earth  loses  its  heat.  Dissi- 
pation occurs,  and  -the  apparent  movement  qi 
the  storms  to  sea  takes  place.  As  "the  circula- 
tion causes  air  to  flow  over  the  peninsula  at 
night,  the  air  is  cooled  by  the  land  Surface.  As 
this  same  air  moves  out -over  the  warm  water, 
it  is  heated  from,  below,  and  cumulus  activity 
occurs.  Water,  not  being  Subject  to  such  rapid 
tempjsrature  changes  as  land,  retains  much  of 
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the  heat  it,  has  gained  during  the  day.  When 
the  son  rises,  the  air  over  the  sea  surface  be- 

-  comes  warmer  than  the  surface,  thereby  de- 
stroying the  balance  necessary  to  keep  a  storm 
active,  and  dissipation  occurs.  As  a  general 
rule,  conve<?tiye  thunderstorms  are  scattered 
and  easily  recognized.  They  are  relatively  high/ 
and  visibility  is  generally  gkod  in  the  surround- 
ings rea,  ^ 

r 

OROGRAPHIC;-  As  the  name  implies,  or- 
ographic ^thunderstorms  form  in  mountainous 
regions,  particularly  adjacent  to  individual  peaks 
A  good  example,  of  this  type  of  storm  occurs 
.  in  .the  northern  Rocky  Mountain  region.  When  the 
circulation  of  the  air  is  from  the  west,  moist 
air  from  the  Pacific  Ocean  is  transported  to  the 
mountains,  where  it  is  forced  aloft  by  the  up- 
slope  of  the  terrain.  If  the  air  is  also  condi- 
tionally unstable,  this  upslope.  motion  causes 
thunderstorm  activity  on  the  windward  side  of  the 
mountains.  This  activity  may  form  a  long,  un- 
broken line  of  storms  similar  to  a  cold  front. 
The  storms  persist  as  long  as  the  circulation 
causes  an  upslope  motion. 

From  the  windward  si'de  of  the  mountains, 
identification  of  orographic  storms  may  some- 
times be  difficult  because  the  storms  are  ob- 
scured by  other  clouds.  Prom  the'  lee  side, 
identification  is  positive;  the  outlines  of  each 
storm  are  plainly  visible.  Orographic  storms, 
almost  without  exception,  enshroud  mountain 
peaks -or  hills. 


FLYING  CONDITIONS 

The  safest  procedure  for  pilots,  when  .their 
flight  ta^es  them  over  thunderstorm  .areas,  is 
to  circumnavigate  or  fly  around  the  storms.  For 
propeller-driven  aircraft,  a  pilot  should  be  ad- 
vised against  flying  through  or  under  thunder- 
storms, since  the  violent  drafts  may  cause 
structural  damage  to  the  aircraft.  Also,  low  ceil- 
ings and  poor  visibilities,  as  a  result  of  heavy 
precipitation,  and  severe  icing  conditions  render 
a  flight  through  or  under  thunderstorms  viryk 
hazardous.  In  the  case  o^most-afr  ipass  storms,' 
circumnavigation  is  usually  possible.  Frontal, 
storms  may  extend  for  several  hundred  miles 
in  a  solid  line;  therefore,  a  pilot*  should  be 
advised  to  fly  between  individual  cells. 

The  high  service  cei4ings*of  Jet  aircraft 
make  it  feasible  to  advise  pilots  of  this  type 


aircraft  to  fly  over  or  around  the  tops  of  thun- 
derstorms. At  times  it  is  operationally  advan- 
tageous and  feasible  to  fly  under  some  types 
of  thunderstorms.  Normally,  this  is  a  safe  pro- 
cedure over  water;  bujt  over  land  it  is  dangerous, 
particularly  with  the- orographic  type  thunder- 
storm where  the  terrain  may  be  very  rough  and 
violent  downdrafts  may  force  the  aircraft  dan- 
gerously close  to  the  surface. 

THUNDERSTORM  DETECTION 

The  ^information  of  upper  air  observation*  and 
the  surface  weather  charts  gives  indications 
of  thunderstorm  activity.  However,  since  these 
charts  are  normally  prepared  at  6-  and  12-hour 
intervals,  it  is  understandable  that  certain  weath- 
er phenomena  may  form  during  the  periods 
when  observations  for  maps  and  upper  air  sound- 
ings are  not  scheduled. 

Although  a  synoptic  weather  map  gives  def- 
inite indications  of  an  approaching  front  or 
hurricane,  or  of  the  presence  of  thunderstorms 
in  a  specific  area,  minute-to-rhinute  tracking  of 
these  weather  phenomena  is  not  possible.  From 
the  above-mentioned  sources,  the  exact  time  of  . 
the  occurrence  of  .  adverse  weather  is  extremely, 
difficult  and,  at  times,  impossible  to  forecast. 

Radar  has  provided  meteorology  with  an 
additional  tool'  to  be  used  in  thecoilection  of 
atmospheric  data.  It  has  been  proved  that  re- 
flection of  radar  pulses  from  clouds  associated 
with  precipitation  permits  the  continuous  track- 
ing of  the  position  of  such  clouds  with  respecf  * 
to  the  location  of* a  station.  Radar  methods 
make  it  possible  to.  forecast  the  approacn  of 
unfavorable  weather- with~  greater  accuracy  and 
with  less  difficulty' than  <pan  b.e  achieved  by  other 
methods. 

.It  is.  beyond  the  scope  of  this  training  course 
to  discuss  *he  relation 'between  forecasting  and' 
radar,  in  detail*  however,  one  of  the  basic-means 
of .  presentation  should  be  mentioned—  the  PPI 
\4Plan  -Position  Indicator).  The  ^Pl  s,can  is  fre- 
quently employed  where  the  tactical  conditions 
require  that  range  and  bearing*  information  be 
obtained  doncerning* objects  in  or  near  a"  hori- 
zontal plane  centered  at  the  site  of  the  radar 
station/ Not  only  can  the  proximity  of  storms  be  / 
ascertained,  but  also  their  speed,  area,  and 
development  can  be  jtfdged  accurately  by  an 
experienced  observer.  Within  the  limitations  of 
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the  radar  equipment  used  with  respect  to  range, 
precise  short-range  forecasts  vital  to  the  safety, 
of  personnel  and  equipment  can  be  issued. 

Destructive  phenomena,  such  as  the  thunder- 
storm, can  be  detected,  and  their  approach  to 
ihe  ship  or  station  can  be  timed.  In  this- manner, 
storm  warm^gs  can  be  given  sufficiently  early 
so  that  storm  conditions*  may  be  set.  With  a 
radar  range  of  80  to  100  miles,  a  warning  can  be 
issyed  5  to  6  hours  prior  to  the  arrival  of  a 
destructive  storm  traveling  at  a  speed  of  less 
than  knots. 
/■ 

The. radar  echo  from  a  convectivej&under- 
storm  of  a  PPI  scope  is  shown  in  .figure  52. 
The  radar-was  -adjusted  for  a  25-mile  range. 
The  concentric. lines  are  5-mile  markers.  The 
bright  area  at  azimuth  190  and  the  8-mile  .range 
is  a  thunderstorm. 

The  weather  map  of  an  area  in  which  con- 
vective  thunderstorms  are  prevalent  gives  no 
definite  indication  of  the  probability  of  a  stprm 
occurring  at  any  given  location.  All  that  can  be 
said,  following  a  careful  study  of  the  weather 
map,  is  that  the  air  in  the  vicinity  of  thf  ship 
or  station  is  "unstable  and  that  thunderstorms 
will  probably  occur  in  the  area.  The  storm 
picked  up  on  "the  PPI  scope  in  figure  <52  djd 
not  appear  pn  the  weather  map. 

TORNADOES,  WATERSPOUTS,  AND 
DUST  D2VILS 

TORNADOES 

A  tornado  is  an  exceedingly  violent  whirling 
storm  with"  a  srpall  diameter,  usually  a  quarter 
of  <?.  mile  or  less.  The  length  of  the  track  of 
a  tornado  on  the  ground  may  be  from  a  few 
hundred  feet  to  300 'miles;  the  average  is  less 
than  25,  miles.  Data  from  recent  tornado  studies 
indicate  that  the  velocities  of  tomadic  winds 
are  in  the  general  range  of  150  to  300  miles 
per  hour.  A  large  reduction  of  pressure  in  the 
center  due  to  the  spiraling  of  the  air  seems  to 
cause  buildings  in  the  path  of  the  storm  *to 
explode.  The  speed  of  the  storm  over  the  earth's 
surface  is  comparatively  slow— usually  25  to 
40  mpH. 


Forecasting  the  occurrence  of  tornadoes  has 
progressed  relatively  fast  since  the  late  1940's. 
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Figure  52.—  Radar   echo  of  a  thunderstorm. 

It  is  now  possible  for  forecast  centers  to  out- 
line ah  area  of  several  hundred  square  miles 
wherein  tornado  activity  is  expecte'd.  It  is  not 
possible  to  forecast  the  occurrence  of  a  tornado 
in  a  specific  place.  This  is  due,  in,  part,  to  the 
site  of  tornadoes,  their  erratic  movement,  and 
their  -realized  nature. 

Most  of  the  tornadoes  in  the  United  States 
occur  in  the  late  spring  and  early  summer,  and' 
are  associated  with  thunderstorm  activity  and 
heavy  rain. 

Although  much  has  been  written  on  tornadoes, 
little  of  this  material  has  offered  a  really 
satisfactory  explanation  of  their  cause  or  mode 
of  formation.  Tornadoes  have  been  observed 
with  various  synoptic  situations  and  usually  are 
associated  with  overrunning  cold  air.  Practically 
all  meteorologists  agree  that  tornadoes  are  the 
result  of  extr3me  instability  and  consequently 
steep  lapse  rates  in  the  atmosphere.  Statistics 
show  that  the  majority  of  tornacloes  appear  about 
75  to  180  miles  ahead  of  a  cold  front  along  the 
prefrontal  squall  line.  Figure  53  shows  the 
various   stages  of  development  of  a  tornado. 

A  situation  that  is  noticeably  favorable  to 
tornado  activity  is  cold  air  advection  aloft. 
When  mP  air  moves  across  the  United  States, 
it  becomes  heated  in  the  low  levels  from  the 
Western  Plateaus.  Having  a  density  equal  to 
or  less  than  the  mT  air  moving  northward  over 
*the  Mississippi  Valley,  the  mP  air  rides  up  over 
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Figure  53.—  Stages  of  development  of -a  tornado. 

the  mT  air.  The  mP  air  still  maintains  low 
temperatures  at  higher  altitudes;  thig  causes 
extreme  instability. 

The  following  conditions  may  indicate  pos- 
sible tornado  activity: 

1 .  Pronounced  hor i zontal  wind  s  hear .  (Wind 
shear  is  the  rate  of  change  of  wind  velocity 
with  distance.) 

2.  Rapidly  moving  cold  front. 

3.  Strong  convergence.  \ 

4.  Marked  convective  instability.  * 

5*    Dry  air  mass  superimposed  on  a  moist 

air  mass.  Abrupt  change  in  moisture  content, 

usually  below  10,00Q  feet. 

i 

6.    Marked  convection  to  the  minus  10*  C» 
isotherm.  * 


WATERSPOUTS      *  *  ^ 

Waterspouts  are  'tornadoes  that  form  over 
ocean  areas.  The^sqiay  be  divided  into  two 
classes.  One  isi4he  true  waterspout  in  which 
-the  vortex  forme  at  'the  cloud  and  .extends  to  the 
surface.  This  type  occurs  mainly  in  advance  of 
a  squall  line.  The 'second  type,  often  called 
the  pseudo-waterspout,  originates  just  above 
the  watgr  surface  and  builds  ^upward;  this  type 
is  identical  with  whirUng~%ust  'often  seen  on 
deserts. 

DUST  DEVIL 

Dust  devils,  phenomena  of  whirling,  dust- 
laden  air,  are  caused  by  intense  solar  radiation, 
which  sets  up  a  steep  lapse  rate  near  the  ground. 
They  are  best  developed  on  a  calm,  hot  after- 
noon with  clear  skies,  and  in  desert  regions.  As 
the  intense  surface  heating  sets  up  a  steep  lapse 
rate,  a  small  circulation  is  formed  when  the 
surrounding  air  rushes  in  to  fill  the  area  of  the 
rising  warm  air.  This  warm  ascendirig  air 
carries  dust,  leaves,  and  other  small  material 
to  a  height  of  a  few  hundred  feet. 

TROPICAL  CYCLONES 

Each  year  many  lives  are  lost  and  millions 
of  dollars  in  property  damage  occur  in  the 
wake  of  the  most  destructive  of  all  weather 
.  phenomena,  the  tropical  cyclone.  Although  the 
wind  velocities  associated  wjth  these  storms  ure 
less  than  in  a  tornado,  the  tropical  cyclone 
covers  hundreds  of  times  the  area  and  lasts 
many  times  longer  than  the  tornado.  The  -total 
damage,  as  a  result  of  these  storms,  is  many 
times  greater  than  that  of  tornadoes. 

Tropical  cyclones  occur  in  many  localities 
throughout  the  world  and  are  known  by  various 
names.  In  the  Atlantic- area,  tropical  cyclones 
are  known  as  hurricanes,  In  the  North  Pacific 
they  are  known  as  typhoons.  In  Australia  they 
dre  known  as  willy-willies,  and  in  the  Philip- 
pines they  are  baguios.  For  tracking  and  star 
tistical  purposes,  these  storms  are  given  femi- 
nine names  to  help  identify  them,  but  a  fully 
developed  tropical  cyclone  by  any  name  means 
havoc  and  destruction. 

The  military  services  and  governmental 
agencies  have  become  so  concerned  with  these 
storms  that  the  Navy  and  Air  Force  continually 
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maintain  weather  reconnaissance  squadrons  for 
the  primary  duty  of  tracking  these  storms. 
These  squadrons  penetrate  the  storms  at  various 
levels  to  determine  the  storm's  intensity,  lo- 
cation,, and  direction  of  movement..  In  addition 
to  these  squadrons,  radar  sites  are  located 
along  the -coastlines  and  on  islands  to  track  the 
paths  of  these  storms. 

The  Marine  Science  Technician  is  frequently 
called  upon  to  track  tropical  cyclones  on  charts 
and,  with  the  long  ranges  of  aircraft  flights, 
to  aid*  in  advising  pilots  6n  routes  to  fly  in 
order  to  avoid  these  storms.  Thus,  it  is  neces- 
sary for  you  to  have  an  understanding  of  the 
classification,  characteristics,  and  formation  of 
+        thes-3  storms. 

CLASSIFICATION  5 

Tropical  lows  are  similar  to  the  extratropical 
lows  which  form  on  the  polar  front,  except  that 
frontal  systems  are  not  associated  with  these 
low£  These  tropical  lows  are  classified  accord- 
ing to  the  maximum- wind  speed  produced  by  the 
circvlation  of  the,  wind. 

Tropical  Disturbance 

Tropical  lows  are  classified  as  tropical  dis- 
turbances when  sighted  as  isolated  cyclonic 
circulations.  Only  weak  surface  winds  are  pres- 
ent in  this  state.  All  violent  tropical  cyclones 
start  as  tropical  disturbances,  but  not  all  tropical 
disturbances  develop  into  tropical  cyclones. 

Tropical  Depression 

A  tropical  low  producing  maximum  surface 
winds  up  to  33  knots- is  classified  as  a  tropical 
depression.  At  this  stage,  these  lows  can  be 
located  on  a  surface  synoptic  chart  by  an  iso- 
banc  pattern  producing  one  or  more  closed 
isobars. 

Tropical  Storm" 

A  tropical  low  producing  surface  winds  of 
34  to  63  knots  inclusive  is  classified  as  a  tropical 
storm. 

Tropical.  Cyclone 

A  tropical  low  producing  surface  winds  of 
64  knots  or  more  is  classified  as  a  tropical 


cyclone,  representing  the  fully  developed  hurri- 
canes and  typhoons. 

FORMATION 

Tropical  lows  develop  over  ocean  areas  and 
are  never  found  closer  than  5  degrees  to  the 
geographical  Equator,  thus  indicating 'that  Cor- 
iolis  force  is  an  important  factor  in  their  develop- 
ment. Areas  of  unsettled  weather,  such  as  may 
be  found  along  the  ITCZ  (intertropical  conver- 
gence zone)  and  an  intensifying  easterly  wave, 
are  conducive  to  the  formation  of  tropical  lows. 
Most  hurricanes  originating  in  the  southern  North 
Atlantic  >and  in  the  Caribbean  area  form  on 
easterly  waves,  and  typhoons  of  the  western 
Pacific  generally  develop  along  the  ITCZ. 

A  combination  of  additional  healing  (warmer 
than  normal  water  surface  temperature)  and 
surface  convergence  with  divergence  aloft  is  the 
probable  triggering  mechanism  for  the  formation 
of  a  cyclonic  circulation.  After  the  cyclonic 
circulation  is  established,  the  tropical  low  may 
develop  rapidly  to  tropical  cyclone  force.  The 
inflow  (convergence)  of  air  at  the  surface  is 
reduced  at  this  time,  and  the  outflow  (diver- 
gence) aloft  continues  unchecked.  This  reduces 
the  pressure  in  the  center  of  the  low  which,  in 
turn,  increases  the  pressure  gradient.  This  in- 
crease in  pressure  gradient  eventually,  through  a 
^balancing  process,   results  in  an  increase  in 
wind  speed  around  the  low. 

STAGES  OF  DEVELOPMENT 

The  energy  that  sustains  tropical  cyclones 
comes  from  the  energy  that  is  released  through 
the  latent  heat  of  condensation.  Therefore,  in 
order  to  exist,  a  tropical  cyclone  must  have  warm 
air  with  a  high  moisture  content.  This  air  is 
lifted  by  convergence  and  by  the  instability  of  the 
air  until  it  condenses.  It  is  at  this  time  that 
heat  is  liberated.  If  a  tropical  cyclone  passes 
over  land  and  the  source  of  moisture  is  cut  off, 
the  storm  soon  dissipates.. If  the  storm  passes 
into  higher  latitudes  over  water  and  the  source 
of  heat  is  disrupted,  the  storm  assumes  the 
characteristics  of  an  extratropical  •cyclone. 

The  average  life  span  of  these  storms  is 
about  6  days  f/om  the  time  they  form  until  they 
enter  land  or  recurve  to  the  higher  latitudes. 
Some  storms  last  only  a  few  hours,  and  a  few 
last  as  long  as  2  weeks.  The  evolution  of  the 
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average  stonri  from  birth  to  dissipation  has  been 
divided  into  four  stages* 

Formative 

the  formative  stage  begins  when  the  cyclonic 
circulation  develops,  and  it  ends  when  the  cir- 
culation reaches  tropical  cyclone  intensity.  The 
development  of  tropical  lows  in  this  stage  cdn  be 
a  slow  process,  requiring  days  for  even  a  weak 
cyclonic  circulation  to  begin;  or  it  can  be  ex** 
plosive,  producing  a  well-formed  eye  within  12 
hours.  The  "eye,"  found  at  the  center  of  tfce 
circulation,  is  a  roughly  circular  area  of  com- 
paratively light  vwinds  and  fair  weather.  Winds 
remain,,  below  64  knots  during  this  formative 
stage,  and  the  strongest  winds  are  likely  to  be  in 
one  quadrant  only.  In  the  formative  stage  the 
surface  pressure  drops  to  about  1,000  millibars 
in  the  center. 

Immature 

This  stage  is  marked  by  the  intensification 
of  the  storm.  In  this  stage  the  pressure  drops 
rapidly  to  well  below  1,000  millibars.  Winds  of 
tropical  cyclone  force  form  a  tight  band  around 
the  center,  usually  •  with  a  radius  of  no"  more 
than  20  to  30  miles.  The  cloud  and  precipitation 
patterns  change  from  disorganized  squalls  to 
narrow  organized  bands  spiraling  inward.  In 
this  stagerohiy  a  small  area  is  involved,  usually 
an  area  of  less  than  60  miles  in  diameter. 

Mature 

At  this  stage  the  surface  pressure  is  no 
lona^r  falling  and  the  maximum  wind  speeds 
a4e  no  longer  increasing.  Instead,  the  circu- 
lation expands  in  horizontal  Extent  during  the 
mature  stage,  which  may  last  a  full  week.  The 
radius  of  winds  of  cyclone  force  mty  increase 
to  200  mile&^duYiiig  the  mature  stage. 

Decaying 

The  tropical  cyclone  reaches  the  decaying 
stage  when  the  circulation  *  moves  over  land 
and  dissipates,  or  when  it  moves  far  enough 
north  or  south  (to  higher  latitudes)  to  assume 
the  characteristics  ^>f  an  extratropical  cyclone. 

CHARACTERISTICS 


As  we  all  know,  there  are  no  two 
phenomena  that  are  exactly  aljke.  In  the 


tropical  cyclones,  no  two  are  the  same  size  or 
'have  the  same  wind  velocities.  There  are  many 
differences  in  tropical  cyclones,  but  all  of  them 
do  have  certain  characteristics  which  make  them 
a  distinct  type  of  weather  phenomenon. 

Size 

As  previously  mentioned,  the  size  of  tropical 
lows  can  vary  considerably.  On  an  average, 
during  the  immature  stage,  the  area  being  af- 
fected by  the  storm  has  a  diameter  of  abouc  60 
miles,  increasing  to  400  miles  or  more  at  the 
time  of  maximum  maturity. 

Circulation  * 

As  with  all  low-pressure  arfeas,  the  winds  of 
a  tropical  cyclone  revolve- around  the  center 
in  a  counterclockwise  direction  in  the  Northern 
Hemisphere  and  in  a  clockwise  direction  in  the 
Southern  Hemisphere.  The  velocity  of  the  sur- 
face winds  increases  toward  the  center  of  the 
storm,  reaching  a  maximum  just  before  entry 
into  the  eye  or  center.  The  velodity  of  the  sur- 
face wind  varies  considerably  from  one  storm 
to  another  and  also  with  the  stage  of  develop- 
ment. It  is  not  uncommon  to  find  maximum 
.winds  in  the  mature  stage  as  high  as  150  knots. 

Eye 

A  peculiarity  of  the  tropical  cyclone  is  the 
calm  center,  called  the  eye.  When  the  eye  passes 
over  a  given  locality,  the  wind,  which  has  been 
extremely  violent,  suddenly  decreases  to  a  much 
lower  speed  and  at  times  becomes  calm,  and 
the  precipitation  stops.  After ^he  eye  passes 
over  an  area,  the  violent  winds  begin  again  and 
blow  from  the  opposite  direction.  The  diameter 
of  the  eye  in  an  average  mature  storm  is  about 
15  miles,  much  les^  in  the  immature  storm 
•stage.  However,  the  diameter  may  attain  40 
miles,  or  more,  in  a  large  tropical  calorie. 

Clouds 

The  cloud  sy^teift  associated  with  a  tropical 
cyclone  may  appear  iimilar  to"  an  approaching 
warn^lront.  Af*)HBa>l,00G  miles  in  advance  of 
the  storm  center/  there  is  an  /abundance  of 
cirrus  clouds.  >ts  the  storm  approaches,  cir- 
rostratus,  altosWatus,  altocumulus,  and  nimbo- 
stratus  clouds  appear.  At  the  outer  portion  of 
the  area  being  affected  by  the  storm  circulation, 
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Figure  54.-  Barograph  trace  with  tropical  cyclone. 


# 


there  may  be  considerable  cumulus  and  cumu- 
lonimbus clouds  producing  heavy  showers  and 
thunderstorms.  Bands  of  very  dense  clouds, 
mostly  nimbostratus,  seem  to  spiral  toward  the 
center  of  the  storm.  The  center,  or  eye,  usually 
sho^s  a  marked  thinning  of  the  clouds,  and 
the  sun  is  often  visible. 

A  pecular  feature  of  the  tropical  cyclone  is: 
During  its  life  cycle,  all  the  clouds  of  the  three 
oloud  stages  (etages)  are  represented* 

>  * 
Precipitation  k 


As  the  storm  approaches,  precipitation  usu- 
ally begins  as  showers  and  thunderstorms  well 
in  advance  of  the'storm  center.  The  precipitation 
becomes  very  heavy  continuous  rain  that  persists 
tjnti?  the  storm  has  passed- the  locality/ except 
for  a  brief  clearing  as  the  eye  passes.  The 
amount  of  rainfall  in  a  tropical  Cyclone  is  very 
hard^determine.  Rain  gage  measurements  give 
only  a  poor  approximation  of  the  rainfall  in 
these  'storms,  since  the  wind  drives  the  rain 
horizontally  and  picks  up  water  that  has  already 
fallen  to  the  ground.  The  amounts  of  precipita- 
tion also  vary  considerably  from  one  storm  to 
another.  Recorded  precipitation  has  been  as  low 
a«  a  trace,  in  spite  of  winds  of  i20  mph.  On 
the  other  hand,  it  has  been  as  great  as  100 
inches,  which  is  3       4  times  the  amount  of 


the  annual  average  precipitation  of  raost  areas 
of  the  Temperate  Zone. 

Pressure 

The  pressure  in  the  centers  of^iature  ■ 
tropical  cyclones  averages  about  950  to  960 
millibars.  The  lowest  pressure  ever  recorded 
in  the  ^e  of  a"tropical  cyclone  was  around  890 
millibars.  Although  the  pressure  in  the  center 
of  these  storms  is^very  low/a  falling  barometerl 
does  not  give,  w&rning  -of  approaching  trppicar 
cyclones  far  in  advance  of  the  center,  as  pre- 
viously believed.  Instead,' the  pressure  decreases 
Slowly,  as  it  does  in  various  other  situations, 
until  well  within  thfe  storm  where  It  then  drops 
very  rapidly,  reaching  a  minimum  in  the  eye. 
In  figure  54,"  .  the  *  barograph  trace  is  super- 
imposed on  the  diagram  of  the  storm.  Notice 
that  if  the  ship  is  guided  by  barometric  read- 
ings only,   it  is  well  within  the  storm  area 
before  the  significant  drop  in  preasure  occurs. 

Movement 

In  general,  tropical' cyclones  move  around 
the  outer  periphery,  or  edge,  of  the  subtropical 
high-pressure  areas  on  (he  equatorward  side. 
At  first,  this  direction  is  usually  westerly, 
recurving  to  northwest,  north,  and  then  north- 
east on  the  western  side  of  these  subtropical 
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highs  (in  the  Northern  Hemisphere).  The  paths 
of  these  storms  can,  and  often  do,  vary  con- 
siderably. One  storm  may  follow  an  expected 
path,  while  the  movement  of  another  storm 
may  be  very  erratic.  In  certain  cases,  these 
storms  have  been  known  to  make  leaps  in  their 
paths  of  motion.  In  other  cases,  a  storm  has 
split,  and  two  separate  storms  have  move'd  off 
in  separate  paths. 

The  average  speed  of  movement  of  these 
storms  is  about  11  knots  before  recurving  .and 
about  16  knots  after  recurving. 

Sea  Condition 

Tidal  waves  may  be  associated  with  tropical 
"  Cyclones  when  the  slope  of  the  ocean  bed  and 
the  contour  of  the  coastline  are  favorable.  In 
the  Northern  Hemisphere  the  most  disastrous 
tidal  waves  occur  where  there  is  a  gentle  sloping 
ocean  bed  and  a  bay  to  the  right  of  the  path  of 
motion  of  the  storm* 

A  well-known  sign  of  an  approaching  tropical 
cyclone  Mn  the  open  sea  is  the  long,  low",  heavy 
swell  that  travels  far  in  advance  of  the  storm. 
This  hegwy  swell  is  often  observed  as  much  as 
1,000  miles  in  advance  of  the  center  of  the  storm. 
The  wind  waves  and  sea  that  are  found  within 
the  ■  storm  are  ^usually  mountainous,  but  are 
fairly  regular  as  far  as  directioji  is  concerned. 
^  The  wave  directions  are  usually  only  at  a  slight 
*  angle  to  the  wind  direction  in  the  body  of  the 
storm.  Within  the  eye,  the  wave  height  is  still 
mountainous;  but  the  wave  direction  is  totally 
confused,  making  for  a  particularly  hazardous 
navigation  problem.  Wave  heights  being  equal, 
the  most  dangerous  waters  for  a  ship  are  those 
where  the  wave  direction  is  confused. 

STRUCTURE 

In  horizontal  extent,  tropical  cyclones  are 
very  similar  to  the  extratropical  lows  found  in 
the  Temperate  Zone.  Tropical  cyclones  may  be 
found  on  a  surface  synoptic  chart  enclosed  in  an 
isobaric  pattern  that  is  almost  round  in  the  case 
of  slowly  moving  storms  and  extremely  oblong 
m  the  case  of  rapidly  moving  storms.  The 
winds  and  weather  that  occur  in  connection  with 
these  storms,  are  seldom  symmetrical;  that  is, 
they  are  frequently  more  violent  in  one  sector 
than  in  another.  For  this  reason,  these  storms 
have  been  divided  into  two  parts— the  right 


semicircle  and  the  left  semicircle.  These  semi- 
circles are- designated  with  respect  to  the  direc- 
tion in  which  the  storm  is  moving.  For  example, 
if  a  tropical  cyclone  is  moving  westward,  the 
northern  semicircle/  is  the  right  semicircle. 

Right  Semicircle 

The  right  semicircle  is  frequently  referred 
to  as  the  dangerous  semicircle.  The  winds  blow 
in  the  same  general  direction  in  which  the  whole 
storm  is  moving;-  therefore,'  the  force  of  the  wind 
is  increased  by  the  speed  of  the  storm  itself. 
The  right  front  quadrant  is  the  most  dangerous 
quadrant  in  the  storm. 

Left  Semicircle 

The  left  semicircle  is  frequently  referred  to 
as  the  safe  or  navigable  semicircle;  In  this 
sector  the  winds  blow  in  a  direction  roughly 
opposite  to  the  storm's  motion,  Do>Pnot  be  fooled 
by  the  term  "safe,"  All  sectors  of  tropical 
cyclones  are  extremely  dangerous.  Safe,  in  this 
case,  simply  mean's  less  dangerous  than  the 
right  semicircle.  The  lower  left  rear  quadrant  of 
the  storm  is  usually  the  least  dangerous. 


Vertical  Extent 


A  tropical  cyclone  is  constructed  of  very 
heavy  masses  of  clouds  that  may  extend  as  high 
as  the  tropopause. 


C  LIM  ATOLOGIC  AL  DATA 


Tropical  cyclones  (Northern  Hemisphere) 
occur  most  frequently  duringthesummermdnths. 
The  months  of  greatest  frequency  in  the  western 
North  Pacific  are  July,  August,  September,  and 
October,  In  the  southern  North  Atlantic  the 
greatest  frequency  is  during  August,  September, 
and  October.  (See  figure  55.) 

The  western  North  Pacific  tropical  cyclones 
(typhoons)  surpass  the  tropical  cyclones  of  the 
Atlantic  in  number  and  intensity. 

During  June  the  tropical  cyclones  (hurri- 
canes) of  the  Atlantic  seem  tp  originate  mostly 
in  the  western  Caribbean;  during  July,  August, 
and  September  the  majority  of  them  form  in  the 
Cape  Verde  area.  The  principal  originating  area 
is  again  in  the  Caribbean  during  Octobei  and 
November, 
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Figure  55.—  Typical  hurricane/typhoon- tracks. 


Generally  speaking,  the  tropical  cyclone 
season  in  the  Northern  Hemisphere  is  from  May 
to  November,  with  the  greatest  frequency  during 
September,  and  October.  ^ 

•^No  tropical  cyclones  have  even  been  reported 
in  the  eastern  South  Pacific  and  the  South,  At- 
lantic. 

TRACKING 

Since  tropical  cyclones  are  amongthe  sever- 
est of  all  storms  and  cause  such  extensive 
damage  to  personnel  and  property  ,each  tropical 
cyclone  must  be  closely  observ^&Sra  tracked, 
and  all  possible  precautions  tafen  to  safeguard 
personnel  and  equipment. 

Thete  are  several  methods  by  whichtropical 
disturbances  (and  the  following  stages  of  their 
development)  are  tracked.  At  strategic  locations, 
aircraft  squadrons  of  the  Air  Force-  and  the 
Navy  are  assigned  to  weather  reconnaissance 
duty.  They  penetrate  the  storm  at  various  levels 
and  determine  the  storm's  intensity,  location, 
ajid  direction  of  movement. 

The  storms  can  be  tracked  by  radar,  using 
methods  similar  to  those  used  for  tracking 
thunderstorms.  A  storm  is  apparent  on  a  PIJI 
scope  as  a  huge  mass  of  cloud  echoes,  far  m<>e 
intense  and  covering  a  much  greater  area  than 
echoes  from  other  weather  phenomena.  When 
the  storm  appears  on  the  radarscope,  the  cloud 


Figure  56,—   Hurricane  as  represented  on  a 
radarscope. 

echoes  sweep  around  in  concentric  circles  or 
tight  spirals.  (See  figure  56.)        V  *  ' 

More  recently,  the  Navy  and' the  National 
Weather  Service  have  used  some  automatic  weath- 
er buoys  in  ^tropical  ocean  areas.  There  are 
several  types  of  these  automatic  weatherstations. 
Some  of  them*  are  expendable  and  some  are  per- 
manent installations  anchored  to  the  ocean  floor. 
These  automatic  weather  stations  furnish  weather 
reports  from  parts  of  the  oceans  where  weather 
reports  are  sparse.  Thesej|automatic  weather 
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stations  make  early  detection  of  tropical  cyclones* 
in  the  formative  stage  easier  through  analysis  of 
their  transmissions*  • 

EMERGENCY  WEATHER  WARNINGS 

*  * 

In  the  previous  portions  of  this  section,  you 
have  learned  how  various  hazardous  anddestruc- 
tive  weather  phenomena  develop.  It  was  noted 
that  a  toraa^may  affect  only  a  small  area, 
*  where&s  a  mature  tropical  cyclone  covers  many 
hundreds  of  square  miles.  These  weather  phe- 
nomena, regardless  of,  their  size,  are  a  con- 
tinued and  potential  threat  to  ships,  aircraft, 
and  stations  in  their  path.  Extensive  material 
damage  and  personnel  injuries  may  result  from 
flying  objects,  sustained  high  winds,  gusty  winds, 
hail,  and  lightning.  For  this  reason,  it  is"  of  the 
utmost  importance  that  timely  and  accurate 
warnings  be  issued,  so  that  the  proper  condition, 
of  readiness  may  be  set. 

•  The  procedures  for  forecasting  and  issuing 
destructive  weather  warnings  are  beyoM  the 
scope  of  this  pamphlet  but  it  is  necessary  for 
Marine  Science  Technicians  'to  have  an  under- 
standing and  knowledge  of  the  terminology  and 
criteria  used  for  various  wind  warnings  and 
conditions  of  readiness. 

WIND  WARNINGS  . 

Warnings  of  winds  associa^tad-wifh  clos^ 
cyclonic  circulations  of  tropical  origin  were 
discussed  in  this  section  under  triroical  cyclones^ 
Warnings  of  winds  associated  witlkweather  sj 
terns  located  in  latitudes  outside  tropical  re 
ror  by  systems  of  tropical  origin  otherthaiydlos* 
cyclonic  circulations,  are  expressed  in  tti^foUbW- 
ing  terms: 

1,  '  SMALL  CRAFT  WARNING.-/  Thfl^trfrm 
is  used  to  indicate  winds  up  to  33/knofe  (ysed 
in^cdastal  and  inland  waters  only). 

2/*'  GALE  WARNING:-  iW  term  if  used 
to*  indicate  winds  between  34  And  47  Jqiots. 

3."    STORM  WARNING.-  Tits  teifiUs  used 
to  indicate  winds  of  48  knots  or  greater, 

CONDITIO*^  OF* READINESS, 

approaching  destructi  re  force  winds,  it 
fi£cor^es  necessary^rtjf-iake  precautions  to^avbid 


or  minimize  loss  and  damage  to  material  and 
injury  .to  personnel.  The  precautionary  ac^ipn 
to  be  taken  i?  dictated  fcy  the  proximity  of  the 
destructive,  force,  winds*  .  The  CONDITION,  OF 
,  READINESS  indicated  the  distance  in  time  from 
the*  ship'tfr  station  of  the  'possible  threat-  of 
destructive  force  winds.  These  conditions  of 
readiness  are  as  follows: 

1.  Gale/Storm/tiurricane  (Typhoon)  Condi- 
tion IV. 

«  fivfend  indicates  a  possible  threat  of 

.destructive  winds  "of  force  indicated  within  72 
hours.        ~ '  -  * 


2.  Gale/Storm/Hurricane  (Typhoon)  Condi- 
tion UI.  * 

Trend  indicates  a  possible  threat  of 
destructive  winds  of  force  indicated  within  48 
hours. 

3.  Thunderstorm  /  Tornado  /  Gale  /  Storm  / 
Hurricane  (Typhoon)  Condition  II.  * 

Destructive  win4s  of  force  indicated  are 
anticipated  within.  24  hours  or, "in  the  clise  of 
thunderstorms*  or  .tornadoes,  are  reported  or 
expecjtsd  in  the  general  area. 

^4.  thunderstorm  /  Tornado  /  Gale/  Stora / 
Hurricane  (Typhoon)  Condition  I. 

t  '  Destructive  winds  of  force  indicated  are 
imminent. 

1  COASTAL  WARNING  DISPLAYS 

"V  - 

To  supplement  written  and  broadcastedirili- 
tary  and  National  .Weather  Service 'warnings,  a 
simplified  system  of  coastal  displays  has  been, 
put  into  effect.  These  display  signals,  as  shown 
in  figure  57,  are  as  follows/ 

1.  SMALL  CRAFT  WARNING.-  One  red 
pennant,  displayed  by  day  and  a  red  light  over  a 
white  light  at  night  to  indicate  wincls  up  to  33 
knots  and/or  sea  conditions  dangerous  to  small 
craft  operations  are  forecast  for  the  *area. 

2*.  GALE  WARNING.-  Two  red  pennants 
displayed  by  day  and  a  white  light  above  a  red 
light  at  night  *to  indicate  winds  ranging  from 
34  to  47  knots  are  forecast  for  the  area. 
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3.  STORM  WARNING.—  A  single  square 
red  flag  with  a  black  center  displayed  during 
daytime  and  two  red  lights  at  night  to  indicate 
winds  ranging  from  48  to  63  knots  are  forecast 
for  the  area.  ' 


4.  HURRICANE  WARNING.-  Two  sqiare 
red  flags  with  black  centers  displayed  by  day 
and  a  white  light  between  two  red  lights  at 
night  to  indicate  that  winds  of  64. knots  and  above 
are  forecast  for  the  area. 


DAYTIME  SIGNALS  *  - 

SMALL  CHATT  OA  LI  flTOJUi  HVBMCAKS 


► 


► 
► 


MIQHT  SICNALS 

SMALL  CRAn       OA  LB  STORM  HURR3CAKI 

•  O  •  • 

o'#  ••..0 

-Figure  57.—  Coastal  warning  displays. 
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WEATHER  OBSERVATIONAL  EQUIPMENT 
'    AND  INSTRUMENTS 


The  purpose  of  this  section  is  to  discuss 
weather  observational  equipment  used  to  measure 
temperature,  pressure,  wind>  and  precipitation. 
Many  of  these  instruments  are  already  familiar 
to  you  as  a  Marine  Science  Technician.  Our 
specific  purpose  is  to  describe  thesj*  instruments 
and  how  they  operate  and  to  explain  how  you 
should  maintain  them.  . 

X 

STANDARD  AIR  THERMOMETER 

Liquid- in- glass  thermometers  are  the  type 
used  as  standard  air  thermometers.  The  stand- 
ard" air  thermometer  consists  of  a  small  glass 
tube  terminating  in  a  bulb  filled  with  a  suitable 
thermometric  fluid  (figure  1).  Since  mercury 
and  alcohol  have  a  much  greater  .coefficient  of 
expansion  for  each  degree  change  in  tempera- 
ture than  the  glass  of  the-  thermometer  tube, or 
bulb,  either  is  an  excellent  thermometric  fluid. 
As  the  fluid  contracts  or  expands  in  Volume  with 
changing  temperatures,  the  fluid  column  within 
the  glass  bore  of  the  tube  falls  or"  rises.  The 
changing  height  of  the  column  is  a  measure  or 
indication  of  the  temperature  changes  to  which 
the  thermometer .  is  exposed.  If  the  height  of  the 
oolumn  is  -read  against  a  suitable  tempera- 
hire  scale  engraved  on  the  tube,  the  thermometer 
ban  be  used  to  indicate  temperature  values  at 
the  instant  of  observation.  'The  range  of  the 
standard  *sir  thermometer  is  'from  -20*  F  to 
+120*  F. 


Handle  the  standard  air  thermometer  care- 
fully to  avoid  breakage  of  the  glass  tube  which 
contains  the  thermometric-  fluid.  It  is  important 
tlj£t  you  keep^the  thermometer  stem  and  bulb 
clean  and  free  of  dirt,  dust,-  and  salt  spray. 
Clean  the  stem  and  bulb  by  wiping  with  a  soft 
cloth. 

During  rains  or  snows  accompanied  by  high 
winds,  the  thermometer  may  become  wet.  The 
presence  of  moisture  on  the  dry  bulb  causes  an 
^  erroneous  indication,  of  the  free  air  temperature. 
If  you  observe  moisture  on  the  bulb,  wipe  it  off 
carefully  1Q  tb  15  minutes  bfefore  taking  a  read- 
ing. 

The  metal  back  uppn  which  the  thermometer 
js4.s  mounted  at  times  becomes  tarnished.  Remove 
and  plean  the  metal  at  least  once  every  3  months, 
or  more  often  if  necessary.  Under  no  condition 
.should  .you  use  an  abrasive  as  the  cleaning 
agent.  Clean  the  metal «  back  with  a  soft  cloth 
soaked  -in  a  solution  of  bicarbonate  of  soda. 
Wash  and  dry  the  back  thoroughly  after  cleaning. 
Upon  reassembly,  apply., a  drop  of  light  oil  to  the 
brass  mounting  screws. 

%    Frequently,  the  black  pigment  in  the  etched 
graduations  on  the  scale  becomes  worn  and  makes* 
reading  difficult.  To  renew  the  etchings,  remove 
the  thermometer  from  the  metal  back,  carefully 
clean" and  dry  the  thermometer  tube,  then  rub  the 


Figure  1,—  Standard  air  thermometer, 
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-         '        Figure  2.~  Stain 

stem  01?  back  (as  ^he  case  may  be)  with  a  soft 
£loth  saturated  w*fth  a  mixture  of  ivory  black  or 
lampblack,  and  varnish  untH  the  graduations  are 
readable.  .  Remove  excess  pigment  by  rubbing  the 
parts  of  the  thermometer  lightly  with  a  piece  of 
tissue  paper, 

If  the  mercury  column  in  the  thermometer 
becomes  separated,  attach  a  psychrometer  sling 
to  the  metal  backing  of  the  thermometer  and 
whirl*  If  the  whirling  has  no  effect,  tap  the  bulb 
of  ttie  thermometer  against  the  heel  of  the  fleshy 
part  of  the  hand.  The  slight  jarring  effect  should 
reunite  the  mercury  column.  If  this  fails,  heat 
the  bulb  of  the  thermometer  tube-gently  by  plac- 
ing it  near  a  light  bulb.  The  heating  forces  the 
liquid  into  the  top  of  the  tube  until  the  entire 
column  is  united.  Leave  a  small  spape  at  the  top 
of  the  tube  while  heating;  otherwise,  the  ther- 
mometer will  break*  Never  attempt  to  reunite 
the  mercury  by  heating  the  bulb  over  an  open 
flame.  If  all  methods  fail  to  Reunite  the  column, 
replace  the  thermomfeter. 

Since  mercury  freezes  at  -39°  F  and  becomes 
Sluggish' at  -35*  F,  after  -35*  F  a  standard  air 
thermometer  no  longer  indicates  accurate  air 
temperatures.  For^this  reason,  an  alcohol  stand- 
ard air  thermometer  should  be  substituted  for ' 
the  mercury  air  thermometer  when  the  temper- 
ature is  expected  to  fall  to  and  go  below  -35*  F. 

THE  SUJfG  PSYCHROMETER 

A  psychrometer  has  as  its  basic  construction 
two  standard  mercury-in-glass  tflgrmometeijs, 
identical  with  the  air  thermometer,  secured  a£  a 
unit  to  a  metal  back,  or  support.  The  two  ther- 
mometers of  a  psychrometric  unit  (figure  2) 
4 are  alike,  with  one  bulb  mounted  an  inch  and  a 
half  lower  rthan  %  the  other.  The  upper  bulb  is 
.termed  the"  dry  bulb;  the  lower,  the  wet  bulb 
(covered  by  a  woven  muslin  wick  secured  above  and 
below  the  bulb  with  a  strong  thread).  The  primary 
objective  is  to  obtain  the  temperature  readings 
of  the  dry-bulb  and  the  wet-bulb  thermometers, 


1  psychrometer.   >  „  '  '  •  ' 
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and  then  calculate  the  difference  between  the  two 
readings.  The  difference  is  called  the  depression 
'of  the  wet  bulb,  which  is  used  to  find  relative 
humidity,  dewpoinC'  and  vapor  pressure.  Obser- 
vations are  interpreted  by  consulting  appropriate 
psychrometric  tahles  qrcomputers. 

The  standard  psychrometer,  when  used  as  a 
portable  handwhirled  instrument,  is  termed  a 
SLING  psychrometer,  shown  in  figure  3.  Thte 
slin£  consists  of  a  wbpden  grip,  with  a  swivel 
head  and  harness  type  snap  or  spring  clip  for 
attaching  to  the  top  bole  of  the  psychrometer 
frame.  .  »  * 

When  not  in  use,  the  sling  psychrometer 
should  be  hung  on  a  suitable  hook  in  a  secure 
position  in  the  instrument  shelter.  m 

For  a  check  on  humidity,'  remove  the  psy- 
chrometer from  the  instrument  shelter  and  take 
it  to  a  clear  and  open  plafre,  preferably  exposed 
to  the  wind.  Never  touph  the  bulb  or  stem  in 
handling  or  expose  it  to  the  direct  rays  of  the  sun 
while  making  an  observation.  Moisten  tM  wick  of 
the  wet- bulb  thermometer  with  clean  water  at  the 
time*you  make  an  observation.  Stand  in  a  clear 
shady  place  facing  into  the  wind  and  hold  the  psy- 
chrometer as  far  in  front  of  the  body  as  possible. 
Rotate  the  psychrometer  with  the  w^ist.  For  the 
best  results,  whirling  should  produce  airflow  oj 
not  less  than  15  feet  per  second.  Bring  the 
psychrometer  to  a  stop  without  any  sharp  jar 
and  bring  to  eye  level.  Then  read  both  thermom- 
e^rs  to  the  nearest  tenth  of  a  degree,  reading 
the  ^ET-BULB  thermometer  FIRST.  Repeat  the 
whirling  and  make  other  readings  until  two  suc- 
cessive wet- bulb  readings  are  the  same. 

§  m 

If,  however,  the  "temperature  is  high  and  the 
relative  humidity  is  lowi  or  it  is  expected  that, 
the  final  temperature  of  the  wet  bulbwillbe32*  F 
or  less,  moisten  the  wet  bulb  thoroughly  several 
t  'minutes  before  taking  a  reading  so  that  a  drop 
Of  water  will  have  formed  on  the  end  of  the  bulb. 
This  reduces  the  temperature  of  the  wet  bulb 


Figure  3.—  Sling  attachment. 

.  without  danger  of  the  wick  drying  out  before  the 
temperature  reaches  its  lowest  point.  In  areas 
where  the  temperature  is  high  and  the  humidity 
low,  use  vpVebooled  water  for.  moistening  the  wet 
ttalb  to  avert  premature  drying  of  the  wick. 
Water  can  be  precoaled  for  this  purpose  by 
storing  it  in  a  porous  jug. 

„  Replac^he  wick  on  the  psychrometer*  s  wet- 
bulb  thermometer  at  least  once  a  month  and 
more  "often  when  local  atmospheric  conditions 
cause  a  rapid  collection  of  dirt  and  foreign 
matter  on  the  wick.  Psychrometers  used  on 
board  ship  collect  salt  very  rapidly,  and  daily 
replacement  of  the  wick  may  be  necessary  to 
obtain  accurate  readings^ 

The  stainless  steel  metal  back  upon  which  the 
thermometers  are  mounted  should  be  cleaned  at 
least  once  every  3  months,  or  more  often  if 
necessary.  Excess  lubricant,  dirt,  and  other  for- 
eign matter  should  be  removed  from  the  psy- 
chrometer  sling  at  least  once  a  month. 

Once  each  month,  place  one  or  two  drops  of 
MIL-O-6085  oil  on  the  sling  psychrometer  swivel 
link.'  Do  not  overlubricate. 

HAND  ELECTRIC  PSYQHROMETER 

(ML-450A/UM)' 

/  . 

\     The  hand  electric  psychrometer  (ML-450A/" 
IrM)  is  a  portable  instrument  used  to  phJtain  free 
air  temperature  and  the  wet-bulb  temperature. 
(See  figure  4.) 

Although  the  psychrprheter  is  constructed 
primarily  of  noncorrodible  materials prolonged 
exposure  to  weathering,  salt  air,  stack  gases, 
"and  other  corrosive  elements  shorten  the  useful 
life  of  the  instrument.  The  instrument  should 
therefore  'be  sheltered  when  not  in  actual  use. 


1. 
2. 
3. 

4. 

5. 

6. 


Sliding  door. 
Spring  contact. 
Battery  com- 
partment. 
Water  bottle. 
Bottle  com- 
partment. 
Hinge  pin. 


7.  Thermometer 
holder. 

8.  Wet-bulb  wick. 

9.  Knob. 

10.  Exhaust  ports. 

11.  Sliding  air 
intake. 


Figure  4.—  Hand  Electric  Psychrometer 
(ML-450A/UM) 

The  two  thermometers  comprising  the  psy- 
chrometer have  a  range  from  plus  1G*  F  to  plus 
110*  F.  The  psychrometer  comes  with  a  carrying 
case  and  three  water  bottlfes.  With  the  exception 
of  the  three  standard  flashlight  batteries  which 
supply  the  power,  it  is  ready  for  deration  as 
issued.  (See  figure  5J 

The  electric  hand  psychrometer  (ML-450A/ 
requires  very  little  maintenance.  Forproper 

operation,  keep  the  instrument 'free  of  dirt  and 

other  foreign  matter. 

When  the  instrument  is  not  to  be  used  for  a 
prolonged  period  of  time,  remove  the  batteries 
fr6m  the  case  because  batteries  will  corrode  and 
damage  the  instrument. 

When  cleaning  the  instrument,  wash'  all 
plastic  parts  with  a  mild  soap  and  warm  water; 
rinse  with'  clear  water-and  dry.*  Wash  the  ther- 
mometers with  a  milci  soap  and  warm  water; 
rinse  with  clear  water  and  dry.  Wipe  electrical 
contacts  with  a*' clean  lint-free  cloth.  If  neces- 
sary, use  fine  sandpaper  to  remove  corrosion 
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1.  Neck' strap. 

2.  Spare  thermometers. 

3.  Psychrometer/ 

4.  Instructions  and  tables. 


5.  Box  (extra  wick,  thread, 
and  lamp). 

6.  Two-ounce  bottle.  1 

7.  Carrying. case. 


Figure  5.—  Hand  Electric  Psychrometer  in  carrying  case. 


or  pitting.  Na  lubrication  is  necessary  for  this 
instrument;  no  special  tools  are  required  for  its 
overhaul. 

Batteries 

Three  size-*P  (standard  flashlight)  dry  cell 
batteries  are  required.  To  insert  the  batteries, 
remove  the  sliding  door  at  the  end  of  the  case 
and  rotate  the  spring  contact  from  the  battery 
compartment  to  the  bottle  compartment.  Insert 
the  batteries  with  a  minimum  of  inclination  o/ 
the  instrument  from  the  horizontal  to  avoid 
distortion  ,of  the  contact  at  the  far  end  of  the 
-compartment.  Insert  the  batteries  so  that  the'* 
center  contact  enters  the  compartment  first. 
After  the  batteries  are  in  place,  .rotate  the  spring 
•contact  to  its  original  position  on  the  end  battery 
and  replace  the  sliding  door. 


Replacing  the  Wick 

To  replace  the  wick,  first  remove  the  sliding 
air  intake  exposing  the  thermometer  bulbs.  Thea 
remove  the  wiCk.  Slip  a  length  of  wicking  over 
the  bulb.  Secure  it  at  the  top  of  the  bulb  with  a 
thread  at  the  constriction  between  the  bulb  and 
tfae  stem,  using  a  loop  and  square  knot.  Form 
a  loop  in  a  second  thread  and  place  it  at  about 
the  middle  of  the  bulb,  stretching  the  wick  firmly 
and  snugly  against  the  bulb.  Tie  with  a  double 
loop  and  "square  knot.  Clip  the  ends  of  the  thread 
and  cut  off  the  excess  wicking  about  one-eight 
inch  below  the  b6ttom  of  fhe  bulb.  • 

Removirrg  and  Replacing  Thermometers 

If  either  thermometer  is  damaged,  it  is  nec- 
essary to  remove  both  thermometers^and'replace 
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them  with  a  matched  pain  To  remove  and  re- 
place the  thermometers,  first  remove  the  air 
intiake  and  the  thermometer  retainers.  *Then  lift 
out  the  thermometers.  After  this,  remove  the 
rubber  bushings  from  the  bulb  ends  of  the  ther- 
mometers and  the  bushings  from  the  other  ends 
of  the  thermometers, 

Place  the  longer  bushings  on  the  bulb  end  of 
the  new  thermometers  so  that  they  are  flush 
with  the  end  of  the  thermometer  holder.  This 
seals  the  small  holes  in  the  air  intake  when  it 
is  slid  into  position. 


CAUTION:  Position  the  rubber  bushings  on 
the  thermometer  so  that  the  retaining  clamps 
rest  on  them.  Otherwise,  the  pressure  of  the 
retaining  clamps  may  break  the  thermometers. 

Replace  the  thermometers,  positioning  them  J 
so  that  the  graduations  are  visible  and  so  that** 
both  mercury  columns  are  magnified  when  viewed 
from  the  same  position.  Replace  and  tighten  the  * 
thermometer  retaining  clamps.  • 

Reuniting  the  Mercury  Column 

If  the  mercury  column  of  either  thermometer 
separates,  make  an  effort  to  reunite  the  mercury 
column.  To  do  this,  remove  the  thermometer 
as  described  earlier.  Gently  heat  the  thermometer 
bulb  under  a  light  bulb  to  gradually  force  the 
mercury  to  the  top  of  the  tube.  Care  must  be 
taken  so  that*  the  mercury  does  nofc  cause  the  ^ 
thermometer  to  bOrst.  Upon  cooling,  the  mercury 
Should  recede  as  a  united  column. 

%  ■ 

Replacement  of  Limp 

To 'replace -a  lamp,  first  remove  the  sliding 
air  intake  and  retaining  scr^v  that  .keeps  the 
thermometer  tfojder  in*  the  correct  position. 
Then  raise  the*  unrestrained  end  of  the  ther- 
mometer hoLtfep'  upward  to  provide  access,  to  the 
lamp.  Finally, "remove  the  re<i  filter  and  change 
lamps,  replace-  the  filter,  secure  the  thermometer 
holder,  £nd  replace  tlie  air  intake. 

Inspections 

Inspect  for  cracks  or  breaks  in  the  plastie  . 
parts..  Inspect*  threaded  holes  and  screws  for 


wear  and  inspect  the  fan  for  damage.  Inspect  the 
thermometers  for  ciacks  mu!  st-p.ir.iti'ti  mer- 
cury columns.  Inspect  the  carrying  easi-  tor 
damage,  and  the  motor  shaft  for  smoothness  of 
rotation. 

Repair  or  Replacement 

Replace  all  plastic  parts  that  are  broken, 
cracked,  or  have  missing  or  damaged  threaded 
inserts.  Replace,  damaged  screws.  If  the  motor 
shaft  does  not  turn  freely  or  if  the  fan  is  dam- 
aged, replace  the  motor  and  fan  assembly.  If 
the  contacts  on  the  contact  block  do  not  contact 
the  motor  terminals  correctly,  bend  them  care- 
fully to  insure  good  electrical  contact  If  one 
thermometer  is  broken,  replace  both  thermom- 
eters with  a  new  matched  set.  Also  replace  a 
carrying  case  that  is   damaged  beyond  use. 

Troubleshooting  procedures  for  the  hand 
electric  psychrometer  are  listed  in  table  1, 


Testing  the  Psychrometer 

To  test  the  psychrometer,  first  install  fresh 
battery  cells.  Then  turn  the  control  knob  on  the 
rheostat-switch  in  a  clockwise  direction.  The 
motor  should  run,  causing  the  fan,  to*  draw  air 
into  the  sliding  air  intake  and  force  it  out  of 
the  exhaust  ports.- If  -  this  does  not  happen, 
the  battery  cells  are  improperly  installed*  Pro- 
per installation  of  the  battery  cells-should  correct 
the  trouble. 

As  the  control  knob  is  turned  in  the  clock- 

i 

wise  direption,  illumination  should  increases 
If  it  does  not,  check  the  rheostat-switch  and 
lamp.  If  either  is  defective,  replace  it. 


PRESSURE  INSTRUMENTS 

ANEROID  BAROMETERS 

Mercurial  barometers  are  Quite  accurate f  but 
they  are  expensive  and  are  not  easily  trans- 
ported, For  numerous  practical  purposes,  they 
are  replaced  or  supplemented  by  a  mechanical 
instrument  known  as  the  aneroid  barometer, 
the  term  ."aneroid"  means  without  liquid.  The 
aneroid  barometer,  then,  is  a  liquidless  barom- 
eter, utilizing  the  change  in  shape  of  an  evacuated 


Table  fc—  Troubleshooting  chart  for  Psychrometer  ML-450A/UM. 


Trouble 


Fan  does  not  operate  or  runs 
slowly,  but  lamp  lights. 


Probable  cause 


Fan  hitting  side  of  case  .  .  . 

Defective  motor  or  fan  loose 
on  shaft. 


Motoc  does  not  operate  or 
runs  slowly;  no  illumina- 
tion. 


Illumination  not  variable, 
but  mptor  operates. 


We^k  battery  cells  .... 
Battery  cells  improperly 

insulted, 
Defective^switch  .*  


Remedy 


Loosen  fan  motor  mounting  screws 

and  reposition  assembly, 
Replace  motor  and  fan  assembly. 


Defective  rheostat-switch . 
Defective  lamp  


Replace  cells.* 

Install  battery  ceils  correc&y. 
iRiepJace  rheostat-switch. 


Replace  rheostat-switch. 
Replace  lamp. 


Air  forced  out  of  iijtake  . 
port. 


-Battery  cell3  improperly  in 
stalled.       ,*  « 


Wet-bulb  temperature  does 
not  stabilize  after 
2  minutes. 


Dry-bulb  temperatures  of 
both  thermometers  do 
not  match  (wick  removed)* 


Weak  battery 
Defective  motor 
Damaged  fan  blade 


Separated  mercury  column 
Broken  thermometer 


metal  cell  to  measure  variations  in  atmos- 
pheric pressure.  v 

The  aneroid  barometer  gets  its  name  from 
the  pressure-sensitive  element  used,  in  the  in- 
strument. It  is  an  aneroid, 'which  is  a  thin- 
walled  metal  capsule  or  cell,  sometimes  called 
a  diaphragm,  that  has  been  either  partisdly  or 
completely  evacuated  of  air.  The  aneroid  is 
usually  made  of  beryllium  copper  or  phosphor 
bronze*  Most  ^aneroid  cells  in  the  currently 
used  aneroid  barometers  are  self-supporting 
and  tip  not  require  external  or  internal  springs 
to  prevent  the  crushing  of  the  cell  walls  by  at-  - 
mospheric  pressure.  • 

In  a  common  type  of  single  .aneroid  cell 
barometer,  the  top  pf  the  evacuated  cell  is  se-  - 
cured  ^cT  a  suitable  linkage  which  transmits  the 
motion  of  the  aneroid  to  an  index  h^ndor  painter, 
which*  indicates  the  pressure.  (See  figure  6.) 


Precision  Aneroid  Barometer  (AERO- 1936- USN) 

This  precision  aneroid  barometer  is  sjtandard 
equipment  for  shofe  stations.  ~r 

t  Of  precision  design  and  manufacture,  the 
precision  aneiqid  barometer  is  constructed  to 

**     ,  "V 


Install  battery  cells  correctly. 


Replace  battery. 

Replace  motor  and  fan  assembly. 
Raolace^motor  and  fan  assembly. 


Reunite  or  replace. 
Replace  with  a  new  matched  set. 


accurately  indicate  atmospheric 
millibar^ 


pressure  in 


The  pressure  element  of  the  precision  aner- 
oid is  a  Sylphon  cell,  which  consists  of  a  bellow- 
shaped  metal  cell  having  13  corrugations  and 
an  internal  spring  to  provide  pressure  calibra- 
tion. This  element  is  sensitive  to  minute  var- 
iations in  atmospheric  pressure.  The  Sylphon 
cell  is  connected  to  an  indicating  pointer  or  index 
^by  -mfeans  of  a  quadrant  gear  and -leaver  system 
in;  such  a  manner  that  the- movement^of  the  cell, 
for  a  given  change  in  atmospheric  pressure,^ - 
greatly  magnified  by  the  linkage  and  is  trans- 
mitted to  the  index  hand  or  pointer  with  a  mini- 
mum of  friction  in  the  moving  parts.. The  instru- 
ment has  a  range  from  880  to  1,050  mb,  and 
it-  is  accurate.tp  0.67  mb. 


The  precision  aneroid  barometer  is  com- 
pensated for  temperature  changes;  therefore,  the 
indicated  readings  require  no  temper  ature'cor— 
rections   as   are  required  for  the  mercurial 
barometer. 

Aneroid  barometers  utilize  spring, pressure 
to  balance  the  effect  of  the  air  pressure  on  the~ 
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Figure  6.—  Simple  diagram  of  the 
aneroid  barometer. 

Sylphon  cell.  Therefore,  no  corrections  for  effect 
of  latitude  (gravity)  need  be  applied. 

The  pressure  element,  dial,  and  linkage  are 
mounted  on  a  sturdy  metal  frame  that,  in  turn, 
is  shock-spring  suspended  from  the  aneroid 
case.  This  spring  suspension  minimizes  theeffect 
of  jars  or  shocks  that  would  otherwise  affect 
the  linkage  and  index  setting  of  the  barometer. 

A  screwdriver  adjustment,  located  at  the 
base  of  the  Sylphon  cell,  is  provided  to  make 
adjustments  to  the  pressure  readings  of  the  in- 
vs*rumeht. 

Th#  precision  aneroidtjarometer,  when  prop- 
erly calibrated  and  set  to  statiem  pressure,  may 
be  used  for  observational  purposes  in  lieu  of 
the  mercurial  barometer.  * 


After  the  precision  aneroid  barometer  is 
installed  in  a  permanent*  location,  a~series  of 
comparative  readings  axe  taken.  These  com-, 
parative'  readings'  are  the  differences  between'the 
Station  pressure  taken  from  the  aneroid  barom- 
eter and  the  station  pressure  frbm  the  mercurial 
barometer.  Tttese  differences  are  logged  and 
the  algebraic  mean  is  computed  to  determine 
'an  acceptable'  instrument  correction.  T*nis  cor- 


Figure  7.—  Precision  aneroid  baronteter 
(AERO-1936-USN).^ 

rection  is  then  posted  on  or  near  the  instrument 
and  applied  to  subsequent  station  pressure  read- 
ings. 

When  adjusting  the  setting  of  the  aneroid 
barometer,  use  a  small  screwdriver  and  remove 
one- half  of  the  apparent  error  in  reading  on  the 
first  adjustment.  T^ap  the  case  lightly  to  permit 
the  linkage  and  index  hand  to  settle  to  the  new 
setting.  Obtain  a  current  statiWn  pressure  from 
^  corrected  reading  df  the  mercyrial  barometer 
and  -note  the*  amount  of  remaining-  error*  Tn  the 
anecoid. ,  Again  adjust  to  .remove  one-half  of  j 
the.  remaining  error,  ta^the  case,  and  allow  th$ 
hand  and  linkage  to  settle.  In  this  manner,  a 
field  ^maintenance  technician  may  adjust  a  pre-  * 
cision  aneroid  to  a  correction  of  zero. 

In  mounting  the  aneroid  barometer,  keep  it 
away  from  areas  where  it  might  be*exposed  to 
sudden  shocks  or  rapid  thermal  changes,  but 
place  it  4ri  an  area  easily  reached  by  the  pli- 
serve^r.  Before  each  reading,  tap  the  case  slightly 
to"  remove  the  drag  effects  of  linkage  friction. 
To  minimize-  the  effects  of  vibriajion  on  shore 
stations,  an£  to  minimize  the  effects,  of  pitch,  4 
roll,  Itnd  vibration  in  ships,  shock-mount  the 
precision  aneroid  barometer.    (See  figure  7K 
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Figure  8,—  Precision  Aneroid  Barometer  (ML-448/UM). 


Precision  Aneroid  Barometer  (ML-448/UM) 

The  precision  aneroid  barometer  (ML-448/ 
UM)  is  used  aboard  ship  and  in  the  Semi- 
Automatic  Meteorological  Station  AN/GMQ-14  (0. 
Thexpxinciples  of  operation  are  identical  with 
those  of  the  precision  aneroid  barometer  (A ERu4 
1936-  LTSNK  The  only  authori^d  field  adjustment 
tq_  be  made  on  this  instrument  is  the  current 
pressure  adjustment,  This^  adjustment  is^made 
in  the  same  manner  as  that  for  the  AERO-1936- 
US^  - aneroid  barometer.  The  ML-448/DM  (fig- 
ure 8>  has  a*xange  of  pressure  from  910  to  1,060 
mb  and  in  the  no rmafn range  ot-s«a  level  pres- 
sures-is accurate  to  witfotff0.6?  jnb,  .Outside 
the  norfhal  sea  level  pressure  range)  it  is  still 
accurate  to  within  1.0  mb.  v. 

QPEN-SCAL^  BAROGRAPH  (ML-3) 

9  , 

A  barograph  is  a  pressure  instrument  that 
is  used  to  obtain  a  continuous  graphic  picture  of 
atmospheric  pressure.  The  standard  barograph 


used  today,  is  the  4-day  open-scale  barograph, 
ML-3  (AERO-1932-USN).  It  makes  a  continuous 
autographic  record  of  the  variations  in  baro- 
metric pressure. 

1 

The  open-scale  barograph  (sometimes  re- 
ferred to  as  the  MICROBAflOGRAPH)  (figure  9) 
is  an  instrument  for  the  visible  recording  of 
minuta  dhanges  in  barometric  pressure.  Two 
SylphonNelements  (aneroid  cells)  mounted  one 
above  tha  other  in  tandem  are  enclosed  in  a 
cylindrical^  case  with  a. thumbscrew  adjustment 
knob  at*the  top  controlling  the  setting  or  adjust- 
ment.of  the  pressure  element  and  hence,  the 
pen  setting.  The  tandem  element  magnifies  the 
motion   resulting  from  the  expansion  or  con-- 
traction  of  the  Sylphon  cells  with  atmospheric 
pressure  changes.   The  lever  linkage  system 
further  magnifies  the  scale  value  of  the  fcr.es- 
sure  el^men'  movement  that  is  "transmitted  to 
the  pen  arm  which  carries  the  pen.  A  continuous 
record  of  the  pressure  is  made  on  a  chart  which  * 
is  graduated  fof  every  1-mb  change  in  pressure 
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Figure  9.-  Open-scale  barograph  (ML-3). 


and  can  be  read  fairly  accurately  to  one-tenth 
of  a  millibar.  The  charf  is  mounted  on  a  drum 
operated  by  a  high-grade,  8-day  clock,  glared  to 
produce  one  chart  revolution  in  4  days. 


TJ^opeV^cale  barograph  is  sensitive  to 
jars/fnd  shocks.  Dashpots  are  used  to  minimize 
the/  effects  of  jars  jnsofar  as  possible.  The 
dashpots  are  two  oil-filled  cylinders  in  which 
a  piston  in  each  moves  to  retart  or  dampen  sud- 
den movements  of  the  pen  arm  due  to  shock. 
The  dashpot  pistons  do  not.  affect  the  normal 
variations  and  changes'  in  the  pen  arm  setting 
produced  by  changes  in  atmospheric  pressure. 


The  microbarograph  has  a  range  from  965 
to  lt050  mb  and*  an  accuracy  to  within  0.68  mb. 
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barometer.  Mount  it  on  sponge  rubber  inside 
—the  weather  office,  near  the  mercurjal  barom- 
eter-,  and  away  from  sources  of  shock  or  sudden 
temperature  changes.  The  surface  on  which  the 
microbarograph  is-  placed  should  be  firm  and 
level. 


When  INKING  the  pen,  do  not  fill  the  pen  mo/e 
than  half  full.  Use  the  prescribed  *10  instrument 
ink  only.  This  ink  is  hygroscopic  and  collects 
moisture  readily;  hence,  we  have  the  precaution 
not  to  fill  the  pens  more  than  half  full.  Ink 
the  pen  frequently  and  check  the  ink  at  every 
6-hourly  time  check.  During  periods  of  high 
humidity  such  as  rainy  or  foggy  days,  the  ink 
may  absorb  a  great  deal  of  moisture  and  the  pen 
may  overrun,  \yhen  this  occurs,  take  apiece  of 
blotter  and  very  gently  absorb  the  ink  from  the 
pen,  ^and  replace  the  ink  with  a  fresh  supply. 
This  action  assures  a  neat  and  legible  trace;  it 
also  prevents  the  pen  and  pen  arm  from  becoming 
soiled  with  , ink. 


#  Check  fhe  DASHPOTS  frequently,  at  least  at 
every  chart  change.  Keep  the  dashpots  filled 
with  dashpot  oil  to  within  three-eights  inch  from 
the  top  at  all  times.  Do  not  fill  the  dashpots 
above  the  specified  level,  since  the  pistons  may 
cling  to  the  top  of  the  fluid. 


Wind  the  CLOCK  afevery  chart  change,  that 
is,  every  4  days.  Wind  the  clock  fully,  but  take 
care 'not  to  overwind  it.  Although  no  specified 
number  of  turns  are  given,  about  14  half-turns 
usually  suffice.. .Remember  the  clock  movement 
is  for  8  days,  and  the  chart  is  changed  every  4 
days.  Underwind  rather  than  overwind. 


Operation 

Vie  shall  now  describe  the  following  operating 
procedures:  mounting,  inking  the  pens,  filling 
dashpots,  winding  the  clock,  changing  the  chart, 
time-checking  the  instrument,  makingthe  current- 
pressure  adjustment,  anci  making  the  time  adjust- 
ment. *         .     -     ...  ' 


The  CHART  CHANGE  is  made  at  the  standard 
synoptic  hour  closest  to  noon  every  4  days  be- 
ginning with  the  first  day  of  e%ch  month.  In 
making  the  chart  change,  make  sure  that  the 
chart  ttts  snugly  around  the  drum,  that  the  chart 
is  not  bent  or  otherwise  mutilated,  and  that  it 
rests  firmly  against  the  bottom  of  the  drumT: 
Make  all  the  '  correct,  entries  and  notations  on. 
the  chart'  in  accordance  with  current  instructions. 


In  MOUNTING  a  microbarograph,  observe 
the  same   kind   of  care  as  that  afforded  any 


TIME-CHE*CK  the.  microbarograph  at  every 
6-hourly  synoptic  observation!  If' you  cannot  make 
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the  time-check  at  the  prescribed  time  for  a 
particular  reason,  make  it  at  the  next  succeed- 
ing 3-hourly  observation.  The  time-check  mark 
should  consist  of  a  careful  upward  stroke  of 
the  pen  arm  of  about  two  printed  divisions 
(2  mb)  on  the  chart. 


Make  the  CURRENT  PRESSURE  ADJUST- 
MENT whenever  the  instrument  is  in  error  more 
than  1.5  mb.  Adjust  the -pressure  by  turning  the 
knurled  thumbscrew  on  top  of  the  case  protecting 
the  Sylphon  cells,  but  do  not  attempt  to  correct 
vmore  than  half  the  error  at  a  time.  When  adjust- 
ing the  pressure  for  half  the  error  at  a  time,  tap 
the  instrument  lightly  after  you  have  turned  the 
screw.  Then  wait  a  few  minutes  and  repeat  the 
process  until  zero  correction  is  attained. 


/  When  a  TIME  ADJUS^IENT  is  indicated 
;  {record  trace  is  in  error  by  rWethanone^purtfr 
of  a  chart  division),  disengage  the  aan^fromsfne 
chart,  lift  the  drum  off  the\e*^sTanc}  turn 
clockwise  so  that  the  time  is  fast.  Then.set 
drum  back  into  the  gear  and  turn  it  counter-^ 
clockwise  until  the  pen  tip  indicates  the  correct 
time.  When  making  this  counterclockwise  turn, 
bring  the  pen  very  close  to  the  chart,  but 
not  quite  engaged  with  the  paper.*  When  satisfied 
that  the  time  is  correct,  engage  the  pen.  The 
counterclockwise  turning  of  the  drum  in  this 
time  adjustment  takes  up  the  slack  in  the  gears 
and   assures   that   the   time  remains  correct. 


Maintenance 


Only  two  maintenance  functions  are  permitted 
on  the  microbarograph:  cleaning  and  lubrica- 
tion Dust  the  entire  instrument  with  „^  soft 
(camel's-halr)  brush,  being"  especially  careful 
when"rduatfng.thle linfcagesyslem;         \~  m "  - 


Part  of  (he  cleaning  function  concerns  the 
>P-eA,_Jf  the  pea  fails  to' make  a  Tine  clear  line, 
it  may "  need  cleaning  or  %replacrhgi#  To  remove 
the  pen,  shift  the  pen  away  from  the  chart,  using 
the  pen  shifting  lever.  Draw  the  pen  from  the 
pen  arm  by  a  steady  pull  fjh  line  with  the  ^arm. 
If  thc^pen  is  ,not  easily  removed  by  a  light /pull, 
carefully  loosen  ^the  prongs  that  secure  it  to  the 
pen  arm,  using  a  knife  edge.  The  effective  pen 


arm  length  of  7  5/8  inches  must  be  maintained 
when  the  pen  is  replaced.  When  removing  or 
replacing  the  pen,  be  careful  not  to  bend  the  pen 
arm. 

«  if 

Wash  the  pen  in  warm  soapy  water,  rinse  it 
in  clear  water,  and  dry.  If  washing  has  not 
removed  all  the  dry  ink,  soak  the  pen  in  the  ink 
(*10  instrument)  with  which  it  is  normally  used, 
and  then  wash  it  as  described  above. 

Lubricate  the  pivots  of  the  linkage  system 
once  every  6  months  with  one  small  drop  of 
MIL-L-6085  (clock  type)  oil.  Apply  the  drop 
with  a  toothpick  in  order  to  avoid  putting  too 
much  oil  on  the  parts,  and  wipe  away  ariy^excess. 


When  the  instrument  shows  an  erratic  cor- 
rection from  one  time-check  to  another,  shifting 
back  and  forth  from  a  plus  correction  to  a 
minus  correction,  notify  the  supervisor.  The 
^instrument  is  likely  defective  and  needs  replac- 
ing. When  the  microbarograph  continues  to  in* 
dicate  a  time  error,  notify, the  supervisor.  He 
may  desire  to  make  an  adjustment  with  the  chart 
drive  gears  of  the  drum.  Do  not  attempt  this  • 
adjustment  yourself,  unless  you  are  shown  how 
to  make  it.  *  ^ 


MARINE  BAROGRAPH 

The  purpose  of  the  marine  barograph  is  to 
register  and t  record  the  atmospheric  or  baro- 
metric pressure  encountered  on  board  ships  at 
sea.  Because  of  the  magnified  scale,  high  sen- 
sitivity,4 and  accurate  temperature  compensa- 
tion, it  is  also  often  'referred-to- as  a  microbaro- 
graph. The  instrument  is  designed  to  maintain 
Us  precision  through  the  varied  and  exacting  con- 
ditions encountered  in  marine  use.  Its  record  is 
.neither  interrupted  nor  rendered  inaccurate  by-- 
pitch,  rolh  or  vibrationlof  the  shift  An  adjustable, 
grease-filled  damping  cylinder  provides  a  means 
of  preventing  -rise  and  -fall  of ,  the  ship  from 
causing  a   corresponding  wavy  "-trace  on  this 
chart.  The  unit,  as  seen  in  figure  10,  is  quite 
portable  and  can  record  pressure  either  in  its 
immediate  vicinity  or  at  some  remote  external 
point  while  located  -within  a  pressurized  cabin 
system.  This  barograph. bas  a  total  usable  range 
of  170  ml)  of  TWICE  the,%£tual  chart  wtdth.oyer 
which  the  entire  range  has  been  calibrated  and  * 
has  been  compensated  for  temperature. 
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1.  Case. 

2.  Plastic  sheet. 

3.  Handle. 

4.  Latch. 

"5.  Chart  drive  assembly. 

6.  Chart  clip. 


7.  Chart. 

8.  Chart  cylinder. 

9.  Chart  drive  mechanism. 

10.  Hose  connector. 

11.  Base. 

12.  Element  assembly. 

# 

Figure  10.—  Marine  barograph. 


13.  Element  cover. 

14.  Mechanism  shield. 

15.  Spacer. 

16.  Pen  shaft  assembly. 

17.  Adjustment  knob. 


The  airtight  case  locks  to  the  base  by  means 
of  two  Latches.  When  it  is  in  place,  a  flexible 
rubber  tube  running  to  the  hose  connector  from 
a  remote  source  provides  thejneans  by  which 
"topside"  readings  are  recorded  independently 
of  the  cabin  pressure  surrounding  the  Instrument. 

The  marine  barograph  has  'three,  principal 
sections   within   the   gasketed  case:  the  chai 


drive  assembly,  the  element  assembly,  ^nd  the 
pen  shaf|  mechanism  assembly.  The  last  two 
sections  are  of  no  interest  to  the  regular  user- 
observer  of  the  instrument. 

The  chart  drive  assembly. consists  of  a  chart 
drive  mechanism,  a  chart  cylinder,  a  chart,  and 
a.  chart  clip.  The  chart  drive  mechanism  is  an 
8-day,  spring-wound  clock  with  antibacklash  gears 
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and  a  self-contained  key.  the  removable  cyl- 
inder is  driven  at  the  rate  of  one  revolution  in 
108  hours  (4  1/2  days)  through  additional  anti- 
backlash  gears.  As  a  result,  vibration  and  shock 
do  not  maM.  the  clym  reconj  irregularly  as  a 
result- of  play  in  the  -cylinder  drive  system.  In- 
side the  cylinder  top  is  a  knurled  nut  which  per- 
*     mits  removal  of  the 'cylinder  for  Winding  the 
,     clock.  Th6  108-hour,,  965-  txi'l,060-mb  chart  is 
^"h^ld  in  place  by  A  chart  clip. 

:The  element  assembly,  which  is  covered 
by  the  element  5over,  is  the  center  section.  It 
consists  of  a  pair  of  vertically  mounted  bellows 
whose  outboard  ends  are  secured  to  brackets. 
Tfeese  brackets  are  moved  apart -or  together  by 
the  adjustment  knob  on  top  for  zeroing  the  pen 
position.  Xhe  inboard  ends  are  flexibly  connected 
to  a  beam  yhich  moves  as  pressure  variations 
affect  -the  bellows.  .  Between  the  two  flexible 
connections  is  a  temperature  compensation  de- 
vice,  -which  is  adjusted  to  correct  tempera- 
ture change  errors  occurring  throughout  the 
element  assembly. 

The  pen  shaft  mechanism  is  the  right-hand 
f     sections  under  fhe  mechanism  shield.  The  shield 
and  its  spacers  are  to  protect  the  mechanism  * 
from  dan^pge  as  the  case  is  removed  or  replaced, 
The  mechanism  includes  range  and  linearity,  ad- 
justments, the  damping  device,  and  the  tempera- 
Jure  compensating  lever  which  compensates  for 
changes    in  temperature.  The  damping  device 
is  a  set  of  cylinders  with  a  thin  layer  of  special 
fluid.  The  damping  and  spring  loading  make  it 
possible  for  the  Barograph  to  be  subject  to  tilting 
up.  to  22  1/r  in  any  direction  and  not  vary  more 
than  +0.3  mb  from  the  true  reading.  Normal/ 
accuracy  is  within  +0.3  mb  of  true  pressure.  1 
Also,  the  instrument  may  be  carried  about  by 
its  handle  without  any  preparation.  If  rougher 
treatment  is  anticipated,  the  pen  arm  should  be 
secured. 


Winding  and  Chart  Changing.-  Every  time 
you  cliange  a  chart,  wind  the  clock.  Approximately 
8  pulls  of  the  key  is  enough.  Then  reinstall  the 
cylinder  and  chart.  Be  sure  there  is  enough  ink 
in  the  pen  nib.  w 

Pen  and  Ink:-  Very  little  ink  is  needed; 
a  half-full  pen  should  suffice.  In  fact,  in  damp 
weather  the  nib  may  kppear  to  become  fuller, 
because"  the  instrument  ink  is  hygroscopic  anji 
absorbs  moisture.  As  this  absorption  continues, 
the  trace  becomes  paler  because  of  dilution. 
Wash- and  re- ink.  A  wide  trace  is, caused  by 
dust  accumulated  on  the  point  or  a  dull  or  bent 
point. 

Use  Beyond  Chart  Range.-  The  normal 
barograph  chart  has  a  range  of  965  to  1,060  mb. 
When  approaching  any  extreme  pressure  condi- 
tion wliich  may  carry  the  pin  off  the  chart, 
turn  the  adjustment  knob  to' move  the  pen  about 
40  mb  away  from  the  close  edge  'of  the  chart. 
When  the  condition  is  passed,  reset  by  the' 
exact  same  amount  and  mark  the  affected  portion 
of  the  chart  accordingly.  The  total  calibrated  range 
is  915  to  1,085  mb. 

Plastic  Sheet  Window.-  Use  a  damp  cloth 
to  clean  the  plastic  sheet  window, in  the  case/ 
Do  not  use  a  solvent  cleaner  or  a  dry  cloth, 
as  either  can  damage  the  plastic-pane. 


Operation 


Daily  Use.-  This  barograph  needs  very  lit- 
tle attention.  It  records  barometric  "-pressure 
on  a  108-hour-  chart  and  can  be  read  at  any 
time  by  interpolation  to  within  one-  to  two-tenths 
Of  a  millibar.  Be  sure  the  chart  heading  is 
filled  out  before  it  is  removed  from  the  instru- 
ment's location. 


\ 


Maintenance 

Very  little  maintenance  is  required  t for  the 
marine  barograph.  Under  normal  operating  con- 
ditions this  instrument  should  be  cleaned  well 
once  a  year.  The  element  covefcshould  be  removed 
only  to  clean  out  any  bulky  dirt,  cobwebs,  etc.  Do 
^not  wipe  out  this  mechanism.  Check  the  pen  for 
wear  or  roughness  and  replace  as  necessary. 
Clean  and  oil  the  chart  drive  mechanism  annually. 
Do  not  attempt  this  oiling  locally  unless  you 
are  properly  instructed  in  the  method  of  doing  it. 

MERCURIAL  BAROMETER  (FORT IN)  ' 

In  1643  Torricelli,  an  Italian  physicist,  made 
the  first-  crude  barometer.  The  mercurial  bar- 
ometers that  are  used  today  operate  on  the 
same  principle.  In  the  construction  of  the  baro- 
meter, a  long  glass  tube,  open  at  one  end  and 
closed   at  .the  other,  is  filled  with  mercury. 
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Figure  11.—  Principle  of  the- mercurial 
barometer. 

The  open  end  is  sealed  temporarily  and  then 
placed  into  a  basin  (cisterrf)  of  mercury,  after 
which  the  end  is  unsealed.  This  allows  the 
mercury  in  the  tube  to  descend,  leaving  a  nearly 
perfect  vacuum  at  the  top  of  the  closed  end  of 
the  tube. 


When  the  atmospheric  pressure  is  increased, 

the  mercury  in  the  cistern  is  forced  into  the  glass 

tube.  As  the  atmospheric  pressure  is  decreased, 

the  mercury  in  the  tube  flows  into  the  cistern. 

The  height  of  the  .mercury  column  in  the  tube 

is   therefore  a  measure  of  the  air  pressure. 

(See  figure  11.) 

*        "  j 

Description 

The  mercurial  barometer  (ML-512/GWT)  con- 
sists principally  of  a  column  of  mercury  in  a 
glass  tube  enclosed  in  a  brass  casing,  a  mer- 
cury cistern,  and  scales  for  determining  the 
height  of  the  mercury.  (See  figure  12.) 

Glass'  Tube  and  Brass  Casing.—  The  glass 
tube  is  34  to  35  inches  long,  about  0.25  inch  in 
internal  diameter,  and  clear  and  free  from 
optical  defects.  The  top  of  the  glass  tube  is 
sealed  a«L-wr  filled  with  mercury  except  at  its 
upper  end  (this  end  is  evacuated),  and  the  open 


cistern 


Figure  12fc—  Fortin  mercurial  barometer 
(ML-512/GM)  with  mounting  case,  ML-48. 

bottom  end  is  immersed,  in  a  reservoir  of 
mercury  in  the  cistern. 

The  glass  tube  is  supported  vertically  in 
the  center  of  a  tubular  brass  casing.  The  top 
of  this  casing  is  provided  with  a  brass  swivel 
ring  by  which  the  instrument  is  supported  in 
use.  This  brass  casing  encloses  and  protects  the 
glass  tube,  carries  the  scales  by  which  the  height 
of  the  mercury  column  is  determined,  prqvides 
a  track  for  the  movable  vernier,  and  provides  a 
mountirtgoase  for  the  thermometer. 

The  glass  tube  is  joined  to  the  cistern 
by  a  piece  of  soft  kid  leather  which  is  folded 
in  a  special  manner,  tied  securely  to  the  con- 
stricted portion  of  the  tube,  and  then  Vied  to  the 
top  of  the  mercury  cistern.  t 
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1."  Glass  tube. 
2    Brass  casing 

3.  Leather  joint. 

4.  Top  flange. 

5.  Flanged  cylinder. 

6.  Leather  gasket. 

7.  Ivory  point. 

8.  Glass  cylinder., 

9.  Mercury. 

10.  Long  screws 

11.  Leather  gaskets. 

12.  Lower  flange. 


13. 


Upper  curved 
cylinder. 

14.  Split-rtng  clamp. 

15.  Leather  gasket. 

16.  Lower  curved 
cylinder. 

17.  Wooden  beaming. 

18.  Leather  bag. 

19.  Cistern  housing. 

20.  Screwcap. 

21.  Adjusting  screw. 


Figure  13.-  Exterior  and  cross  section  view  of 
a  Fortin  barometer  cistern 

Cistern.-  The  mercury  cistern  (figure  13) 
consists  of  a  small  flanged  boxwood  cylinder  (5), 
a  short  glass  cylinder  (8),  two  curved  cylinders 
(13  and  16)  made  of  boxwood,  and  a  kid  leather 
bag  (18).  The  ivory  point  (7)  projects  downward 
from  the  roof  of  the  cistern.  The  mercury 
cisteVn  is  enclosed  in  a  metal  cistern  housing 
(19)  that  is  closed  by  a  screwcap  (20)  at  the  bot- 
tom which  carries  the  adjusting  screw  (21).  Prior 
to  each  observation,  this  adjusting  screw  is  used 
tb  raise  or  lower  the  level  of  mercury  in  the  cis- 
tern so  that  the  ivory  point  just  perceptibly  touches 
the  surface  of  the  mercury. 


The  leather  joint  and  leather  bag  are  porous 
to  air,  but  impervious  to  mercury.  This  permits 
the  cistern  air.pressure  to  be  identical  with  th<rt 
outside,  but  prevents  mercury  leakage. 

Mounting  Case.-  The  mounting  case  (ML-48 
(  His  a  rectangular  box  of  mahogany  or  plywood. 
The  covefr  of  this  case  is  split  longitudinally 
though  the  center  and  each  side  is  hinged  to  the 
back.  With  the  cover  open,  the  barometer  is 
completely  exposed,  so  that  all  parts  are  acces- 
sible and  adjustments  can  be  made  easily.  A  metal 
hanger  inside  the  case  near  the  top  and  a  center- 
ing ring  near  the  bottom  provide  means  for  sus- 
pending the  barometer.  Two  openings  in  the  back 
of  the  case  are  fitted  with  white  opal  glass  or 
heavily  pigmented*  white  Plexiglas  to  facilitate 
reading  the  scales  and  observing  the  cistern  level 
Two   brackets   are  provided  for  ♦mounting  the 
case  on  a  wall,  post,  or  other  suitable  vertical 
surfaces. 

Scales.—  The  Fortin  barometer  has  two 
scales.  One  is  the  stationary  scale,  which  allow* 
reading  of  the  barometer  to  the  nearest  0.05  of 
an  inch  (also  graduated  in  millibars,  but  not  read). 
The  other  is  an  adjustable,  scale,  called  the  vern- 
ier, which  is  graduated  so  as  to  allow  reading 
the  barometer  without  interpolation  to  the  nearest 
0.002  of  an  inch. 


Maintenance 

Preventive  maintenance  for  the  Fortin  bar- 
ometer consists  largely  of  cleaning, /minor  ad-, 
justments,  and  daily  inspections.  These  inspec- 
tions include  checking  for  cracks  in  the  glass 
tube  or  cylinder;  damage  to  the  wooden  case; 
loose  screws  in  case  brackets,  hanger,  and  cen- 
tering ring  of  the  case;  and  condition  of  the 
mercury  column.  If  a  cracked  tube,  mercury 
leakage,  or  other  damage  that  may  affect  the 
accuracy  of  the  instrument  is  discovered,  it 
*  becomes  necessary  to  request  a  replacement  bar- 
ometer and  to  ship  the  defective  barometer  to 
NAS,  Norfolk  or  NAS,  Alameda  for  overhaul. 

The  barometer  and  case  should  be  kept  clean 
'  by  wiping  with  a  soft,  clean  cloth^ Occasionally/ 
fhe  scales  may  be  wiped  clean  and  a  thin  coat  of 
high  grade  clock  or  instrument  oil  applied.  Do 
not  use  a  commercial  polish  on  the  scales  or 
use  heavy  pressure  when  wiping  them. 


Tne  only  repairs  that  may  be'  performed 
locally  are  changing  a  broken  thermometer  ami* 
repairing  a  damaged  wooden  case. 

MERCURIAL  BAROMETER  (TONNE LOT) 

The  Tonnelof  barometer  is  comprised  of  a 
windowed  case  and  gimbaJ  mount  supporting  an 
assembly  consisting  of  the  cistern  assembly, 
mercury  tube,  scale,  thermometer,  and  caljfng' 
tube.  The  windowed  case  protects  the  instru- 
ment and  is  provided  with  top  sgnd  bottom  case 
hangers  for  mounting  the  instrument.  The  gim- 
bal  mounting  permits  the  barometer  to  be  ex- 
tended fQrward  out*  of- the -case.  The  brass  casing 
tube  houses  the  mercury 'tube  and  supports  the 
scales,  thermometer,  vernier  slide  and  adjust-  • 
ment  knob,  gimbal  rings,  and  cistern  assembly. 

V 

The  operating  principle  of  the  Tonnelot  b&r-  ' 
ometer  is  identical  to  that  of  the  Fortin  barom- 
eter. The  significant  difference  between  the  in- 
struments is  that  the  Tonnelot  barometer  has  a 
fixed  cistern,  and  the  Fortin  barometer's  cistern, 
^s  was  stated  earlier  in  this  sectjon,  must  be 
(adjusted  to  the  reference  point  (ivory  tip)  for 
leach  pressure  observation. 

The  Tonnelot  barometer  is  a  delicate  in- 
strument and  is  easily  damaged,  especially  dur- 
ing shipment.  For  this  reason  the  Naval  Weather 
Service  has  gradually  been  replacing  this  bar- 
ometer with  the  more  durable  Fortin  barometer. 


WIND  MEASURING  INSTRUMENTS 

WIND  MEASURING  SET  (AN/UMQ-5(  )) 

The  wind  measuring  Set  (AN/UMQ-5(  )) 
(figure  14)  is  the  standard  equipment  designed 
to  provide  a  visual  indication  and/ter  printed  re- 
cord of  wind  direction  and  speed  values.  Various 
options  of  the  system  are  provided  to  permit 
continuous  recording  of  wind  direction  and.  speed 
values  at  several  measuring  sites. 

Components 
•  •  • 

A  set  tnc}tkles  a  minimum  of  one  transmitter, 
one  support,  and  one  recorder  or,  indicator,  A 
maximum  of  six  recorders  and/or  indicators  can 
be  uSed  with^ach  transmitter.  • 


Transmitter  (MU-40t?(  )/t,M<3*5).-  The 
transmitter  (figure  14  (A))  t.s  a  vane  mouuteilbn 
a  vertical  suport*  The  taij  of  the  vane  brings 
the  nose  into  the  wind.  The  nose  consists  pri- 
marily of  a  screw  type  impeller  directly  coupled 
to  a  tachometer-magneto.  The  magneto's  voltage 
output  is  direcfly  proportional  to  the  wind  speed 
*  and  is  connected  to  the  plug  in  the  transmitter's 
vertical  supporTthrough  brushes  and  slip  rings 
and  then  down  to  the  indicator  or  recorder 
whose  voltmeter  automatically  indicates  or  re- 
cords the  voltage  in  knots.  Motion4  of  the  Vine 
is  transmitted  mechanically  to»a  synchro  located 
inside  the  enlarged  section  of  the  yerticalT6upport< 

The  transmitter  is  placed  on  top  of  a  con- 
nector housing.  Thex  electrical  cable  leading 
from  the  housing  through  the  support  then  goes 
to  any  one,  or  all,  of  the  combination  ofsix  re- 
peaters, whether  all  indicators,  or  all  recorders, 
or  a  combination  of  them.  A  follower  synchro 
then  convert?  the  electrical  energy  into  wind 
direction  indication  or  recording  The.  trans- 
mitter is  designed*  to  carry- the  six  repeaters. 


i 


The  transmitter  vane  alines  itself  to  within 
3°  of  the  true.wjnd  direction  when  displaced  .8° 
from  the  true  direction  of  a  4.4-knot  wind.  The 
wind  speed  is  accurate  to  within  +  1.5  knots  for 
winds  of  3  knots  to  40  knots  and  +  3  knots  for 
winds  of  40  to  120  knbts.  ( 

■    \  '  • 

Indicator  (IQ-300(  )/UMQ-5).-  The  ID-300 
(    )  indicator  (figure  14  (B))  consists  qk  two 
units:  the  panel  assembly  and  the  mounting  case, 
which   holds   the   panel   assembjj.    The  panel 
assembly  contains  the  wind  direction  indicator 
and  the  wind  speed  indicator  positioned  in  two 
4-inch  dials,  the  lighting  circuits,  and  the  double- 
grange  switch  for  the  speed  section.*  The  wind 
direc^n  indicator  consists  of  a  synchro  fol- 
lower on  whose  rotor  Shaft  is  mounted  a  pointer 
that  indicates  wind  direction  values  on  a  360° 
-circular  scale.   The  dial  is  graduated  at  the 
cardinal   and  intercardinal  compass  points  as 
well  as  -  every  5*  from  north.  The  wind  speed 
indicator  is  a'  precision,  high-s.hock  type  volt- 
meter whose  pointer  Indicates  wind  speed  in 
knots  on  a  scale  whose  ranges  are.O  to  60  knots 
or  0  to  120  Knots.  The  scales  are  circular  about 
an  arc  of  approximately  270°.  Selection  of  ranges 
is  accomplished  by  the  use  of  the  double- range 
switch  to  change  the  range  front  6  to 60  knots  to  0 
to  120  knots.  The  lighting  circuitconsists  of  a  rhe- 
ostat, transformer,  and  seven  6-volt  dial  lights. 
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Figure  14.-  Wind  Measuring  Set  (AN/UMQ-S<  )).  (A)  Transmitter,  (B)  Indicator 
(K)-300(  )/UMQ-5),  (C)  Indicator  (ID-586/UMQ-5),  (D)  Recorder,  and  (E)  Support. 

.  t  f 
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•This  indicator  is  accurate  to 'within  +  2^  in 
wind  direction  and  +  1.2  knots  on  the  0-  to  120- 
knot  wind  speed  range.* 


Indicator  '(ID-586/UMQ-5).-.The  ID-586  inr 
dicator  (figure  14'  (C))  consists  of  a  speed  indict 
tor  (v6ltmeter)  ajjg  a  direction  indicator  (synchro) 
'  mounted  on  a  panel  which  is  inserted  in  a  case. 
The  two  indicators  position  their  pointers  on  8- 
mch  dials.  A  six-tapped  dummy  loa'd  resistor  is 
attached  to  the  terminal  board  mounted  in  the  bot- 
tom of  the  case.  No  panel  lighting  or  0ual-range 
circuits  are  installed  in  this  indicator.  Each  of  the 
indicating  assemblies  (speed  and  direction)  is  re- 
movable and  may  be  installed  individually. 

This  indicator  is  accurate  to  within  +2°  in 
wind  direction  and  +  1.2  knots  in  wind' speed. 
•  / 

NOTE:  This  indicator  may -not  be  used  in 
conjunction  with  the  wind  measuring  set  (AN/ 
UMQ-5D). 

Recorder  (RD-108(  )/UMQ-5).-  The  RD- 
108(  )  recorder  (figure  14  (D))  basically  consists 
of  k  direction  mechanism,  speed  mechanism,  chart 
drive  mechanisn,  chart  guide-pen  lift  mecha- 
nisms, chart,  and  case.  A  description  of  each 
is  given  in  the  following  paragraphs. 


"The  recorder  is' accurate*  to  within  ^j^n 
wind  direction  and-  +  1.2  knots  in  wind  speed. 

Wind  Direction  Mechanism:  The  wind  dir- 
ection I  mechanism  consists  of  a  synchro  fol- 
lower which  positions  the  pen  through  a  gear 
train  which  converts  540  wind  degrees  of  synchro 
rotation  to  approximately  62°  of  pen  rotation, 
corresponding  to  5H0  wind  degrees  of  the  chart. 
Whenever  wind  conditions  are  such  that  the  pen  , 
would  run  off  the  chart  in  recording  wind  direc- 
tion, a  repositioning  mechanism  is  energized. 
This  mechanism  removes  power  frbm  the  syn- 
chro, drives  the  pen  to  the  approximate  center  of 
the  chart ,^  and  then  returns  power  to  the  synchro 
so  that  recording  is  continued  after  "the  pen  is 
displaced  360  wind  degrees  toward  the  middle 
of  the  chart.  . 

The  repositioning  mechanism  consists'of  the"* 
following: 

1.     An  induction  motor  mechanically'coupled 
to  the  synchro-pen  gear  train. 


2.  A  power  control  relay  winch  removes 
power  from  the  synchro  stator  circuit  during 
repositioning.  t        •  -     y  t  -  . 


3.     Limit  switches. 


/• 


ra^in. 


4.  Two  relays  which  remove  power  from  the 
synchro  motor  and  control  the  direction  of  ro- 
tation of  the  repositidning  motor  s?>  that  the  pen 
is  always  driven  toward  the  center  of  the  chart 
when  the  motor  is  energized. 

The N  direct  ion  inking  system  consists  of  the 
pen  and  sfOtoriary  ink  'tank.  The  pen  is  de- 
signed to  fit  '^to  a  pen  Holder  attached  to  the 
synchro  gear  train  and  has  'a  small  tube  which 
fits  into  the  ink* tank  and  feeds  ink  by  capillary^ 
action  to  the  penpoinH/^hteh  rests  on  the  chart. 

Wind  Speed  /  Mechanism:  The  wind  speed 
mechanism  consists  of  a  voltmeter  mechanism 
which  drives  the  wind  speed  pen  across  the  speed 
section  of  the  chart.  Also  included  in  the  speed 
section  is  a  six-tapped  dummy  load  resistor 
connected  across  a  terminal  board/ The  pen  and 
inking  system  9f  the  speed  section  is  identical  ' 
to  that  of  the  direction  section.  -  *  ^ 

Cljart  Drive  Mechanism:  The  chart  drive 
mechanism  is  a  removably,  self-contained  as^~ 

(  sembly  consisting  of  a  frame  and  various  mounted 
parts.  The  assembly  contains  the  chart  drive 
rribtor,  drive  gear  train,  drive  roll,  idler  .roll, 
phart  tripgh,  removable  take  up  'reel,  takeup 
motor,  affid  hinged  panel.  Also  mounted  on  the 
assembly  are  the  speed  change'  gears,  chart 
drive  ON-OFF  switch,  takeup  motor  micro- 
switch,  and  the  plug  through  which  power  is 
introduced  to  the  mechanism.  When  the  mechan- 
ism is  seated  inside  the  recorder  case  and  the 
chart  drive  switch  is  in  the  ON  position,  the 
chart  ^drive  motor  moves  the  chart  across  the 
drive  roll  and  under  the  pens  at  a  rate  deter-? 
mined  by  the  change  gears  selected.  The  chart 

'js  rerolled  on  the  takeup  reel  b^  the  cakeup  motor. 

Chart  Guide-Pen  Lift  Mechanism:*  The  chart 
guide-pen  lift  mechanism  is  an  assembly  which 
guides  the  chart  across  the  drive  roll,  holds 
the  chart  drive  ^mechanism  in  place,  and  pro- 
vides a  mounting  for  the  illuminating  lamps 
and  the  direction  and  $peed  scales.  The  assembly 
is  pivoted  so  triatit  may  be  lifted  to  gain  access 
to  the  chart  drive  mechanism  and  ink  tanks  and 
to  lift  the  pens  off  the  chart.  ^ 
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Chart:  The.strip  type  cha,rt  is  divided  into 
two  main  channels.  The  right  channel  is  for 
the  recording  of  wind  speed  and  is  graduated 
every  2  knots  from  0  to  120  knots.  The  left 
channel  is  for  frhe  recordjng  of  wind  direction 
and  is  graduated  every  10*  over  a  540°  range. 
The  entire  chart  is  100  feet  long  and  10  3/4. 
inches  wide.  .Direction  letters  representing  the 
cardinal  compass  points  (N-E-S-W-N-E-S)  are 
printed  above,  the  appropriate  numerical  direc- 
tion values.  The  chart  is  designed  for  use  with 
the  3-inches-per-hour  chart  speed,  and  the  time 
liffes   are  graduated  to  IB  minutes  and  num- 
bered  every   hour.    Holes  on  either  side  and 
in  the  center  of  the  chart  provide  positive  drive 
between  the  chart  and  the  sprocket  drive  roll. 
The  chart  has  a(  running  time  of  approximately 
15  days  when  used  on  the  3-inches-per-hour 
chart  speed.  * 


The  recorder  chart  speeds  are  1  1/2,  3,  or 
6   inches  per  hour,  depending  on  the  chang 
gear^  selected 

*  Case:  The  case  is  made  of  cast  aluminum 
and  has  a  hinged  door,  fche  door  contains  a 
plastic  window  large  enough  for  viewing*  the 
indication  scales,  peris,  and  7  inches  of  the  past 
record.  It  also  is  provided  with  a  rubber  gasket 
to  insure  a  tight  fit  when  the  door  is  closed.  A 
r^e^ss  at  the  bottom  rear  of  the  case  has 
connections  for  the  power  and  intercomponent 
cab^s. 

t  Support.—  The  support  (figurS  14(E))  is  of 
the  tripod  type  design,  having  a  tubular  upright 
mast  and  three  legs  constructed  of  tubuigx  steel 
tubijig.  Each  leg  is  equipped  with  a  mounting  foot. 
■  The  top  of  the  support  is  provided  with  a  clamp 
to  hold,  the  transmitter  securely  in  place  when 
mounted.  Wires  may  be  run  through  the  center 
of  the  mast  into  the  transmitter  connector  housing. 
Tfie  support  may  be  tilted  for s§rvicingthe  trans- 
mitter. A  guy  plate  is  provided  for  the  attach- 
ment/of guy  wires,  if  necessary. 

Another^upport  is  used  with  the  AN/UMQ- 
5(  )  Astern.  It  is  very  similar  to  the  support 
shown  in  figure  14.  (E),  with  only  minor  changes 
in  fittings  and  provisions  for  a  conduit  built 
into  it 

Model  Differences.—  Transmitters  ML-400B 
and  ML-400C  are  identical  to  earlier  models, 
except  that  they  are  larger  in  the  synchro  section 
to  allow  for  the  use  of  six  repeaters. 


s  ^ 

The  ID-586  indicator  has  no  predecessor.'. 
The  ID-300B  and  ID-300C  indicators  are  lde-n^ 
tipal  with  older  models  with  thi  exception  of 
the  resistance  strip  to  allow  for  the  adjustments 
needed  when  from  one  to  six  repeaters  are  used.  » 

The  RD-108B  and  RD-108C  recorders  differ 
from  earlier  models  primarily  il?  the  relay 
system  to  allow  for  the  one  to  six  repeateVs 
running  from  the*  same  transmitter.  The  re- 
corder that  is  available  with  the  AN/UMQ-5D 
has  a  pen  stop  arrangement  that  prevents  the 
pen  from  catching  in  the  center  holes  of  the 
chart.  *  * 


Operation  j 

Installation  of^Cha^t  Speed  Change  Gears.— 
The  recorder  is  equipped  with  chart  drive  gears 
to  give  a  chart  speed  of  3  inches  per  hour,, 
which  matches  the  time  graduations  of  the  chart? 
supplied.  (See  figure  15(A).<)  Change  gears  t^ 
provide  a  chart  spe&l  of  6  inches  per  hour 
or  1  1/2  inches  per  hour  are  mounted' on  a1  stud 
on  the  left  side  plate  of  the  chart*drive  mech- 
anism. The  change  gear  arrangements  given 
in  the  equipment  handbook  show  t)ie  combination 
of  gears  to  Obtain  the  different  rates  of  chart 
speed.  To  change"  the*  rate  of  chart  speed,  con- 
sult the  equipment  handbook. 

Installation  of  ChirV  —  Install  the  chart  ac- 
cording to  figure  15  (B).  Cut  the  chart  corners  as 
shown  in  figure*  15  (A).  Wind  several  turns  of  the 
tapered  end  around  the  takeup  reel  before  in- 
stalling the  reel  in  the  chart  drive  mechanism. 

Installation  of  Chart  Drive  Mechanism.— 
Lift  up  the  operation  levers  (figure  15  (C)£ 
Place  the  chart  drive  mechanism  in  the  recorder 
so  that  the  pivot  slots  in  the  mechanism  side 
plates  are  seated  on  the  pivots  mounted  in  the 
case.  Returtrjthe  mechanism  to  its  normal  op- 
erating positron.  Lower  the  operation  levers  over 
the  chart  drive  roll. 

Installation  of  Ink  Tanks  and  Pens.—  Fill 
both  ink  tanks  about  three-fourths  full  through 
the  pen  opening;  use  the  ink  and  ink  tank  filler 
furnished  with  the  recorder  as  shown  ^in  figure 
15  (D).  Do  not  use  standard  writinginks.  Keep  the 
bottle  tightly  capped  to  prevent  dirt  from  getting 
into  the  ink. 

Raise  the  scale  plates  and  insert  the  ink 
tanks  in  the  receptacles  on  top  of  the  speed  and 
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KNIfE  EOGE       INK  TANK 


Figure  15.-  Recorder  RD-108(  )  views.  (A)  Recorder  chart  drive  mechanism  (left  side  view), 
*     (B)  chart  threading  diagram,  (C)  recorder  chart  drive  mechanism  (right  side  view),  and 
,  (D)  filling  ink  tanks. 


direction  mechanism  assemblies,  and  see  that 
they  are  under  the  spring  clips. 

Set  the  pen  elements  in  the  pen  element 
forks  (penholder)  by  seating  the  knife  edges  of 
the  elenients  into  the  slots  of  the  fork. 

.  •  r    '      r  '« 

NOTE:    The   ink   tanks   and  pens  may  be- 
installed  or   removed  for  servicing  when  the 
•  chart  •  drive  mechanism  is  removed,,  is  tilted 
forward,  or  is  in  its  operating  position.  * 


scale).  Disc 
follower  for  tfii 


>t  the  leads  from  the  synchro 
.djustment. 


Filling  Pens.—  Fill  the  pen  with  the  pen  fil- 
le^furnished  with  the  recorder. 


Zeroing  Speed  Pen.—  With  the  chart 
mechanism -installed  and  a  chart  Installed .».  i,ro 
drive  mechanism?loosen  the  thumbscrew  securing 
the  speed  pen  zero  adjustment  lever  and  adjust 
the  speed  pen 'to  read  zero  on  the  chart  (not  the 


First  compress  t$ie  bulb  of  the  pen  filler; 
then  lay  the  flfet  side  of  the  soft  rubber  tip  on 
the  chart.  Insert  the  penpoi^t  into  the  hole  in 
'..the  rubber  tip  and  let  the  filler  suck  in  ink 
xjrom   the   ink  tank  through  the  pen.  The  pen 
r^jffKg      feeds  from  the  Jnk  tank  by  capillary  action  once 
>c/inth3i 


it  is  filled; 

Remove  the  pen  element  from  the  filler. 
The    pen    should    rest  lightly  on  the  chart. 
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Swing  the  pen  across  the  chart  a  few  times. 
If  it  does  not  write  .properly,  the^pen  probably 
has  an  air  bubble  in  it,  in  which  case  the  pen 
filling  operation  must  be  repeated. 

•  NOTE:  Do  not  apply  power  to  the'recorder 
when  the  direction  pen  is  being  swung. 

Be  sure  that  the  pen  is  properly  seated  and 
that  it  does  not  rub  on  the  ink.  tank.  Also,  check 
f  to  see  that  it  does  not  rub  on  the  indication 
scales  and  the  pen  lift  bar  when  they  are  in 
their  oprerating  positions.  The  indicating  flag 
above  the  pen  must  not  touch  the  scale  plate. 

NOTE:  The  pen  element  is  correctly  bal- 
anced at  the  factory  when  full  of  ink  and  will 
stay  off  the  chart  until  the  pen  is  filled. 

Setting  Chart  to  Time.—  With  the  power  cable 
connected  and  all  power  switches  in  the  ON 
position,  turn  the  chart  set  knob  until  the  correct 
time  line  on  the  chart  is  under  the  pens.  (See 
figure  15  (C).) 

NOTE:  After  time  setting  the  chart,  do  not 
tilt  the  chart  drive  mechanism  forward;  power 
supplied  to  the  chart  drive  motors  will  be 
interrupted,  thus  losing  the  time  setting. 

Unrolling  Chart  for  Examination.—  Tydnroll 
the  chart  record  from  the  takeup  reel  while  the  • 
chart  mechanism  is  operating,  grasp  the  chart 
on  either  side,  near  the  takeup  reel,  and  pull 
the  chart  from  the .  reel.  Be  careful  to  keep  the 
chart  straight  and  taut  as  it  is  allowed  to  rewind 
on  the  reel.  '  0 


Removing  Chart  from  Takeup  Reel.—  Remove 
the  chart  from  the  takeup  reel  by  first  removing 
the  reel  from  the  recbrder.  Then  pull  the  plain 
flanged  end  from  the  core  of  the  reel.  Slide  the 
chart  off  the  core. 


Transmitter  and  Indicators.—  The  trans- 
mitter requires  no  operating  procedures.  The 
only  operation  necessary  for  Indicator  ID-300 
is  the  adjustment  of  the  light  rheostat  and  switch- 
ing the  range  selector  switch  as  desired.  In-- 
dicator  ID- 586  requires  no  operating  proce- 
dures, y 


Maintenance  • 


The  wind  measuring  set  (AN/UMQ'-5(  )) 
is  -one  of  the  best  types  of  wind  equipment  in 
current  use.  This  equipment  generally  requires 
very  little  maintenance.  The  maintenance  of 
this  equipment  consists  ^mostly  of  inspection 
and  lubrication. 


Transmitter  Maintenance.—  Once  a  week 
(or  more  often  during  severe  weather  conditions) 
visually  inspect  the  transmitter  for  evidence 
of  physical  damage,  such  as  broken  impeller, 
rust,|and  weakened  masty  Under  normal  conditions 
the^flijuipment  should  require  lubrication  every 
2  years.  However,  in  subtropic  or  polar  climate 
the  equipment  mayyieed  lubrication  more  often. 

Indicator  Maintenance.—  The  only  service 
inspection  required  for  the  indicators  is  an  ob- 
servation of  their  operation  to  detect  erroneous 
readings  or  failure  of  lamps. 

Recorder  Maintenances—  In  recorders,  rer 
pair  or  replace  only  the' light  bulbs,  pens,  ink 
tanks,  chart  drive  motors,  and  chart  drive 
switches.  Replacement  of  other  recorder  parts 
requires  the  use  of  overhaul  facilities  and  per- 
sonnel. '  v 

When  cleaning  the  recorder,  DO  NOT  clean 
electrical  parts.  Clean  the  mechanical  parts 
as  follows; 

Wash  exterior  painted  surfaces  and  the 
window  with  soap  and  water;  rinse  and'  dry 
thoroughly.  Do  not  wash  the  inside  of  the  case. 
Do  not  clean  the  windows  with  a  solvent,  since 
minute  cracks  may  result. 

,  '  Clean  the  ink  tanJcs  by  prying  off  the  covers, 
removing  them  from  the  recorder,  and  washing 
the  parts  in  warm  water.  Rinse  and  dry  thor- 
oughly. If  washing  does  not  remove  all  of  the 
dried  ink,  loosen  the  remainder  by  soaking 
in  alcohol;  then  wash  as  before.  Be  sure  the 
vent  hole&>  in  the  cover  a*re  open  and  that  the 
cover  is  njpt  bent  in  removing. 

Clean  the  pen  element  by  blowing  water  or 
alcohol  through,  it  with  the  pen  filler.  Loosen 
clogged   ink  particles   that  block  the  pen  by 
-running  a  fine  piano  wire  through  the  tube  and 
then  cleaning  as  above. 
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Figure  16.—  Wind  Measuring  Set  AN/PMQ-3(.  ). 


Lubricate  the  recorder  every  quarter.  This 
interval  is  established  for  operation /bn  a  24- 
hour  basis  under 'moderate  climatic  conditions. 
Whenever  climatic  conditions  necessitate  more 
frequent  interval^  for  general  servicing,  shorten  <\ 
the  lubrication' interval  accordingly.  Avoid- over-  f 
lubrication,  wpifch  is  injurious  to  the  recorder. 
Inspect  the  equipment  after  lubrication.  Remove 
.all  excess  , oil,  as  it  tends  to- collect  dust  or  to- 
gum  up.  Apply  oil  by  dipping  a*  toothpick  in  tjie 
oil   and  applying  it  to  the  surface  to  be  lub- 
ricated. Remove  excess  oil  with  a  clean*  lint-v 
free  cloth. 

*  v 

The  pen  elements  are  properly  balanced 
when  they  are  full  'of  ink,  and  the  balance 
adjustment  should  not  be  changed  unless  neces- 
sary. Whenever  rebalancing"  is  required,  screw 
the  two  balance  weights  as  necessary  along'the 
shaft  pn  the  rear  of  the  pen  to  rebalance.  The 
pen  balance  should  be  such  that  when  the  chart 
is  tapped  lightly  with  one  finger,  the  pen  bounces 
up  and  down  on  the  chart.  A  pen  pressure  that 
is  too  heavy  on  the  chart  causes  the  pen  to  drag 
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toward  the  center  of  the  chart  or  noticeably 
reduces  the  speed  of  .response  of  the  pen.  Ac- 
cordingly, if  maximum  response  speed  is  desired, 
the  pen  pressure  must  be  no  greater  than  is 
'  necessary  for  satisfactory  inking.  Handle  the  pen 
element  carefully;  a  bent  element  causes  incor- 
rect readings. 

^±  « 

WIND  MEASURING  SET- (AX/PMQ-3(  ))  , 

•I  . 
.Operation 

The  wind  measuring  set  (AN/PMQ-3.-3A, 
-3B,  and  U3C)  is  a  portable  hand  anemometer 
which  indicates  direction  to  360°  and  speed 
from  0  to  60  knots.  The  wind,  upon  striking  the 
small  cylindrical  turbine  (figure  16),  causes  the 
turbine  to  rotate.  The  turbine  is  'wired  to  -a 
small  electrical  generator,  which  produces  a 
voltage  proportional  to  the  speed  of  the  turbine. 
The  Voltage  is  transmitted  to  the  indicator, 
which  is  a  voltmeter  graduated  in  knots  instead 
of  volts.  The  indicator  has  2  scales,  graduated 
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Table  2^-  Troubles  find  remedies  (wind  speed  system—  AN/PMQ-3(  )), 


Trouble 

.  Probable  cause 

Remedy 

No  pointer  movement  0-60 
range  of  0-15  range. 

I  Defective  detector  .  .  r  

W  Defective  speed  indicator  .  .  . 

^fSeplace  detector  ) 
Replace  indicator. 

No  pointer  movement  0-60 
range  only. 

Defective  sfpeed  indicator  .  .  . 

—                       t  ,   £.  

Replace  indicator. 

No  pointer  movement  Q-15 
range  only. 

c 

Defective  switch  or  defective 
speed  indicator. 

*  > 

Connect  the  terminals 
of, the  switch  to- 
gether; if  indication 
is  obtained,  replace 
trigger  assembly.  If 
no  indication  is  ob- 
tained, replace  indi- 
cator. 

Pointer  does. not  re's  yon 
zero  when  turbine  is 
stationary.  . 

Speed  Indicator  not  properly 
zeroed. 

Turn  zero  set  adjust- 
ment located  on  the 
front  of  the  indicator. 

Sluggish  pointer 
movement. 

'Dirty  or  damaged  speed 
indicator. 

Replace  indicator. 

« 

A 


from  0  to  15  knots  and  fro'm^O  to  60  knots.  The 
upper  trigger  on  the  handle  controls  the  scale 
.  to  be  used, 

NOTE:  On  the  3B  and  3C  models,  the  range- 
change  switch  is  ,a  separate  toggle  Switch  to 
prevent  inadvertent  use  of  the  low  scale  in  high 
winds  with  consequent  damage  to  the  indicator. 

Wind  speed  indications  are  accurate  within 
1  knot  in  the  range  of  0  to  10  knots;  1  1/2  knots 
in  the  range  of  11  to  40  knots,  and  2  knots  in 
the  range  of  41  to  60  knots..  The  vane  alines 
itself  in  a  4-knot  wind  when  displaced  5*  from 
the  wind  direction,  /   

The  direction  unjt  is  a  twin-tailed  assembly 
with  a  pointer,  which  faces  into  the  wind.  The 
direction  is  read  from  the  azimuth  plate  in 
whole  degrees.  *To  make  an  accurate  direction 
reading,  it  is  necessary  to  orient  the  instrument 
on  a  known  bearing.  The  lower  trigger  is  a 
spring-loaded  'brake  used  to  lock  the  nptor  on 
a  given, setting  after  exposure  to  the  wjnd,  and 
is  also  for  convenience  in  reading. 

The  equipment  is  issued  ready  for  use*  and 
comes  stowed  in  a  carrying  caae  containing  a 
spare  wind  speed  transmitter  and  a  spare^wind 
vane.  The  instrument  should  always  be  replaced 


in"  this  carrying  case  after  use.  Spectal  care 
should  bevtaken  in  removing  the  anemometer 
*  from  the  case  ancA  replacing  ijt  in  the  case, 
because  damage  m&y  easily  result  to  the  wind 
vane  section. 

Maintenance 

In  the  care  and  maintenance  of  the  wind  meas- 
uring set  (AN/jf\lQ-3(  ))>  no  special  servipe 
totals  are  needed.  In  inspecting  the  equipment, 
make  ^certain  that  the  turbine  and  vane  are  free 
to  rotate  and  that  there  is  pointer  movement 
when  the  turbine  is  rotated.  Check  for  freeness 
_by  holding  the  instrument  jn  its  operating  posi- 
tion and  walking'  at  a  moderate  rate  of  speed 
in  an  -area  where  there  *  is  no  air  movement. 
If  the  vane  assumes  the  correct  position  and  there 
is  a  "speed  indication  on  both  scales,  'it  is  pro- 
bable that  the  instrument  is  in  a  satisfactory  con- 
dition. *  If  trouble  develops  in  the  wind  speed 
system,  correct  the,  trouble  by  replacing  a  com- 
ponent with  another  knownjo  be  in  good  condition. 
i 

When  the  wind  speed*  indicator  does  not^n- 
dicate  "0"  when  the  turbine  is  stationary,  mape 
an  adjustmsnt  at  the  zero  adjustment . control 
screw  (figure  16)  to  bring  the  pointer  indication 
exactly  to  zero.  See  table  2  for  a  list  of  addition^ 
maintenance  problems  ^nd  their  remedies. 
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#The»meteorologicalmeasuringset(AN/PMQ- 
5(  ))  is  designed  to  measure  *nd  to  indicate 
atmospheric  pressure,  temperature,  relative  hu- 
midityJ-^w«lff^di'rection,  and  wind  speed.  The 
equipment  is  light  in -weight  and  portable  and  is 
especially  adapted  to  use  under  circumstances  in 
whiph  it  is  exposed  for  only  a  few  minutes  to 'the 
weather  conditions  it  is  designed  tb  measure. 
It^s\equipped/with  looking  devices  whereby  the 
^  measurements  are  retained  for  examination  and 
recording  at  the  convenience  of  the  observer.  The 
equipment  comes  complete  with  a  carrying  case. 
(See  figure  H.) ' 

«  *  ^ 

Wind  indicating  equipment  aboard  most  ships* 
is  shown  in  figurg  18.  The  various  components 
have  different  locations  on  different  ships. 


s£t  assemiled 

Figure  17.-  Meteorological  Measuring  Set 
(AN*/PMQ-5(  )). 

No  lubrication  or  cleaning  "is  required  by 
th*  operator,  except  that  he  should  lubricate  the 
wincgj-sTpeed  transmitter  every  6  months  or  at 
any  time  the.  feurbme  appears  to  be  running 
sluggishly. 
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Check  with  your  supervisor  as  to  how  to 
lubricate  the  transmitter;  or.  in  the  absence  of 
Sl  supervisor,  consult  the  handbook  for  the 
instrument. 


.  Figure  18.-  Shipboard  Wind  Indicating 
Equipment. 
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FOUR-INCH  RAIN  GAGE  (ML-217) 

Precipitation. measurements  are  mad6  frorn, 
samples  caught  in  gages  or  from  samples  taken 
from  representative  arqas  when  the  catch,  of 
solid  forms  in  the -gage  is 'not  Representative. 

"NJThe  standard  meteorological  instrument  for 
measuring  RAINFALL  is  the  nonrecorc6ng  plas- 
tic *rain  gage  consisting  of  aM-inch  diameter 
collector  ring  and  funnel,  which,  fit  over  the 
top  of  a  tripod-moiinted  overflow  container,  and 
,a  clear  plastic  measuring  tube.  Thfc  rainfall 
dra/ns-from  the  collector  ring  through  the  funnel 
into  the  measuring  tube,  which  has  graduations 
in^  the  wall  for  direct  reading  to  the  nearest 
hundredth  of  an  inch.  (See  figure  19.) 

The  deptlltaf  water  In  the  tube  is  determined 
at  the  time  of  each  regular  6- hourly  observation 
and  at  the.  time  of  the  midnight -observation.  The 
tube,  when  full,  holds  1  inch  of  ratnfall.  In  the 
evepit  that  more  than  1  inch  falls  between  the 
above-mentioned  observations,  the  excess  drains 
'  into  the  overflow  container.  At  the  next  obser- 
vation, empty  the  measuring  tube  and  then  pour 
the  amount  collected  in  the  overflow  container 
into  the  measuring  tube  and  measure  this  amount. 

The  depth  measurement  of  the  water  equiv- 
alent of  the  SOLID  FORMS  of  precipitation,  such 


Figure  19.—  Standard  4-inch  rain  gage. 

as 'snow,  sleett  hail,  and  freezing  rain,  is  more 
difficult  to  obtain.  The  rain  gage  can  be  used, 
provided  the  collector  ring  and  measuring  tube 
are  removed.  The  solid  forms  are  collected  in 
the  overflow  container. 

The"  rain  gage  probably  requires  as  little 
maintenance  as  any  other  meteorological  instru- 
ment. About  the  only  maintenance  required  for 
the  standard  4-inch  rain  gage  is  to  keep  it  clean 
at  all  times  and  make  sure  it  is  mounted  firmly. 


4 


398 


24 

i 


37 


DECK  EQUIPMENT 


In  this  section,  we  will  cover  some  of  the 
deck  equipment  associated  with  oceanographic 
observations,  such  as  winches,  wire  rope,  the 
oceanographic  platform  and  A-frame,  blocks, 
counters,  and  the  oceanograpKto*  weight.  Other 
equipment,  such  as  bottle  racks,  wire  angle  indica- 
tor, .and  related  equi  pment  will  be  covered  when  we 
discuss  the  type  of  observational  program  in- 
vc^ecl  J} 

•  WINCHES 

In  the  field  of  oceanography,  there  are  many 
different  applications  for  winches,  of  all  sizes, 
but  in  this  course  we  will  re^tridt  our  coverage, 
to  the  winches  that  are  presently  used  by  the. 
Coast  Guards 


The  Coast  Guard  uses  two  basic  types  of 
winches  for  routine  observations;  bathythermo- 


graph and  oceanographic.  The  bathythermograph 
(BT)  winch  is  used  primarily^for  temperature 
versus  depth  observations,  but  it  fcan  also  be 
used  for  other  observational  programs  that  do 
not  place  a  large  strain  on  the  winch  or  its 
wire  rope,  such  as  small  net  tows  and  bottom 
sampling  with  the  Scoopfish.  Newer  Coast  Guard 
vessels  are  equipped  with  the  Electronic  Bathy- 
thermograph Hoist,  Model  GEAD-3,  manufactured 
by^Skagit  Corp.,  while  the  older  vessels  are*- 
equipped  with  the  E6/S  winch  (figure  20).  Other 
BT  winches  (figure  21)  may  be  in  operation, 
but  at  the  present  time  these  two  winches  have 
the  widest  usage. 

The  Coast  Guard  now  uses  four  different 
oceanographic  winches— three  models  manufac- 
tured by  Northern  Line  (figures'  22  and  23)  and 
one  model  manufactured  by  Jered  (figures  24, 


Figure  20.—  E6/S  BT  winch  operating  positions.       Figure  21.—  ACCO  Equipment  Division  BT  winch. 
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Figure  22.-  \'iew  of  Northern  Line  winch  .Model  1210-€dH\V 
Showing  urura  and  Fairlead. 


Figure  23.-  View  of  Northern  Line  winch  Model  1210-CGHW 
Showing  Power  Unit  and  Operator's  Station. 


25,  and  26).  All  four  winch  models  are  good 
winches  and  will  accomplish  the  job  for  which 
they  are  designed  when  they  are  properly  op- 
erated and  maintained. 

• 

The  proper  operation  of  these  winches  is 
a  matter  of  operator's  common  sense  and  the 
individual  piece  of  machinery.  *By  "common 
sense",  we  refer  tcf  practical  judgments  about 
the  ^ea  State,  type  of  observation,  and  the  work 
load,  as  well  as  to  any  other  factor  that  affects 
the  day-io^day  operation  of  the  winch.  One  of 
the  most  common  causes  of  winch  fa\Jjfre  or 
loss  of  equipment  over  the  side  can  be  traced 


Jo  the  biggest  common  sense  factor  of  them  all- 
excessive  speed!  SLOW  THAT  WINCH' DOWN! 
The  type  of  operation  and  the  sea  state  will 
govern  the  winch  speed,  but  it  is  safe  to'say 
NpVER  EXCEED  100  meters  per  minute.  By 
"piece  of  machine ry",  we  refer  to  the  design 
characteristics  as  well  as  those  operational 
characteristics  peculiar  to  a  particular  winch. 


^  The  proper  maintenance  of  winches  includes 
lufricatfng  and  maintaining  the  winch  in  an  op- 
erative condition  and  keeping  the  winch  areaclean. 
Routine  preventative  maintenance  is  required 
both  at  sea  and  in  port.  Since  your  job  at  sea 
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1-  -Line  Meter  Counter 

I.  Line  Speed  Inclu  ator 
3  Counter  Reset 

4.  Operating  Switches 

5.  Hydraulic  Motor 

v 

6.  INUAUI.-  PAYOUT. Control 
Handle 

7.  Control  Manifold 

8.  Hydraulic, Pump  / 

9.  Oil  Filter 

10.  Reservoir, 

II.  Meter  Light  and 
Heater  Switches 

1£.   Brake  Linnt  Switch 

13.   Brake  Hand  Wheel. 
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1.  Clectric  Motor 

i    Electrical  Juncti«p 
Box 

3.   Meter  Light  Wiring 

4    Lead  Head 

5.   Lead  Screw 

6    Drive  Chai^  and 
Sprocket'  Cove r 

7.  Brush  and  Slip 
Ring  Assembly 

t 

8.  Cable  Drum 
9    Brake  Band 

10.  Oil  Heater 

11    Heat  Exchanger 

1^.  Temperature 

Actuated  Regulating 
,%  Valve 
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Figure  26.—*  Jered  Hydrographic  Winch— Rear  View. 
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will  be  governed  by  your  operational  work  load, 
'  you  should  plan  to  undertake  any  major  repairs 
or  maintenance  projects -while  in  port.  You  should 
report  any  mechanical  irregularities  to  the  head 
of  the  engineering  department.  Remember  that  the 
technical  manuals  for  your  particular  winch  arj» 
>.    your  best  guide  for  the  proper  care  of  your  equip- 
ment. * 
\ 

*\  ,c  Y  ouj  as*  an  MSTf  must  know  your  winch 
and  how  it  operates.  Be  sure  you  know  the  braking 
system  and  how  it  works,  because  there  is.no 
time  for  second  guessing  the  situation  during 
oceanographic  operations.  The  lack  of  know- 
ledge of  your  winch  can  result  in  loss  of* gear 
or  personal  injury.  Know  where  the  controls 
are,  what  their  functions  are,  and  how  they  react. 
Test  your  equipment  before  eachj5peration.  Again, 
the  best  source  of  information  is  the  technical 
manuals.  The  combfnatfon  of  knowledge  and 
experience  develops  the  skill  you  require  to 
operate,  or  instruct  others  to-operate,  a  winch. 


WIRE  ROPE 
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Wire  rope  is  used  on  many  different  jobs 
in  oceanography,  such  as  lowering;  hoisting; 
and  rigging  platform  stays,  platform  life  lines, 
and  many  special  arrangements  'in  support  of 
oceanographic  observations.  To  perform  these 
jobs  successfully,  you  must  .Jiave  a  working 
knowledge  of  wire  rope. 

This  Section  contains  useful  information  on 
t}ie  subject  of  wire  rope.  It  discusses  types 
of  wire  rope  and  their  characters  tics,  con- 
struction, and  usage.  Instruction  also  is  provided 
on  various  procedures  applicable  to  the  care 
and  handling  of  wire  rope. 


PARTS  _ 

Wire  rope  consists  of  three  parts:  wires, 
strands,- and  core.  (See  figure  27.)  In  the  man- 
ufacture of  rope,  a  number  of  wires  are  laid 
together  to  form  the  strand.  Then  a  number  of 
strands  are  laid  together,  usually  around  a  cen- 
tral core,  to  form  the  rope. 

CONSTRUCTION 

The  basic  unit  of  wire  rope  construction  is 
the  individual  wire,  which  may  be  made  of  steel, 


CORE 


STUanOS 


Figure  27.-  Parts  of/<vire  rope. 


iron,  or  other  metal,  in  various  sizes.  In  mak-  • 
ing  a  rope,  the  number  or  wires  to  a  strand  will  f 
vary,  depending  on  the  purpose  for  which  the  rope 
is  intended  Wire  rope  is  designated  by  the  num- 
ber of  strands  per  rope  and  t'.e  number  of  wires 
per  strand.  Thus,  a  6  x  19-1/2"  rope  will  have 
$  strands  with  19  wires  per  strand,  but  will  have  * 
the  same  outside,  diameter  as  a  6  x  37— 1/2M 
wire  rope,  which  wilt  have  6  strands  with  37  wires 
of  much  smaller  size  per  strand.  Wire  rope 
•made  up  of  a  large  number  of  small  wires  is 
flexible,  but  since  the  small  wires  are  easily 
broken,  the  wire  rope  is  not  resistant  to  external 
abrasion.  Wire  rope  made  up  of  a  smaller  number 
of  larger  wires  is  more  resistant  to  external 
abrasion  but  Jt  less  flexible. 

The  central  core— the  element  around  which  ■ 
the  strands  are  laid  to  form  the  rope— may  be 
a  hard  fiber  (such  as*  manila,  hemp,  or  sisal), 
a  wire  strand,  or 'an  independent  wire  rope. 
Each  type  of  core  serves  the  same  basic  pur- 
pose, that  of  affording  support  to  the  strands 
laid  around  it. 

*  - 

A  .fiber  core  offers  the  advantage  of  in- 
creased flexibility.  In  addition,  it  serves  as  a 
cushion  to  reduce  the  effects  of  sudden  strain 
and  acts  as  a 'reservoir  for  th$  oil  necessary 
for  lubrication  of  the  wires  and  strands  to  re- 
duce friction  between  them.  Wire  rope  having  a 
fiber  core  is  used  in  places  where  no  severe 
heat  is  involved  and  where  flexibility  on  the 
part  of  the  rope  is  important. 

A  wire  strand  core  not  only  provides  more 
resistance  to  heat  than  a  fiber  core,  but  also 
adds  about  16  percent  to  the  strength  of  the 
rope.  On  the  other  hand,  the  wire  strand  makes 
the  rope  less  flexible  than  when  a  fiber  core  is 
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used.  This  type  of  rope  is  used  in  places  where 
hot  work  is  involved 

An  independent  wire  rope  core  is  a  sep- 
arate wire  rope  over  which  the  main  strands 
of  the  rope  are  laid.  It  usually  consists  of  six 
7-wire  strands  laid  around  either  a  fiber  core 
'  or  a  wire  strand  core.  This  type  of  core  gives 
the  rope  additional  strength,  provides  support 
against  crushing,  and  supplies  maximum  re- 
sistance to  heat. 

Wire  rope  may  be  obtained  either  galva- 
nized  (coated  with   zinc)  or  plain  (uncoated). 
Two  rflethods  are  used  to  galvanize  wire  rope. 
These   two   methods   are  the  hot  dip  and  the 
electrolytic  process.  The  hot  dip  method  reduces 
the  strength,  since   an   elevated  temperature 
is  involved.  This  tends  to  draw  some  of  the 
temper  from  the  wire.  The  electrolytic  process 
is  simply  an  electroplating  process  and  does 
run  involve  any  raise  in  temperature;  therefore, 
it  has  little  or  no  effect  on  the  properties  of 
the   wire.   Galvanizing  helps  protect  the  rope 
against  corrosion,  frit  it  also  makes  the  rope 
stiffer  and  reduces  the  strength  by  as  much  as 
10  percent. 

Wire  rope  may  be  fabricated  by  either  of 
two  methods^  If  the  strands  or  wires  are  shaped 
to  conform  to  the  curvature  of  the  finished  rope 
prior  to  laying  up,  the  rope  is  termed  PRE- 
FORMED. If  they  are  not  shaped  -before  fabri- 
cation, the  rope  is*  termed  NONPRE FORMED. 
When   cut,  H^p/ormed  wire  rope  tends  not  to 
unlay„  and   it   is    more  flexible  than  nonpre- 
form^d  wire  rope.  With' nonp reformed  wire  rope, 
the  twisting  process  produces  a  stress  in:the* 
wires,  and  when  it  is  cut  dr  broken  the  stress 
causes  the  strands  to  unlay.  In  nonpreformed 
wire,  unlaying  is  rapid  and  almost  instantaneous, 
and  could  cause  serious  injury  to  someone  not 
familiar  with  it. 
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GRADES  OF  WIRE  ROPt 

Wire  rope  is  manufactured  in  a  number  of 
different  grades,  three  of  which  are;,  mild  plow 
steel,  plow  steel,   and   improved  plow  steel. 

Mild  plow  steel  rope  is  tough  and  pljatle. 
It  can  stand  up  under  repeated  strain  antf^ress, 
and  has  a  strength  of  from  200,000  psi  to 
220,000^  psi.    These   characteristics   make  its 


use  desirable  for  cable  tool  drilling  and|  other 
purposes  where  abrasion  is  encountered.  j 

Plow  steel  wire  rope  is  unusually  tough  and 
possesses  great  strength.  This  steel  has  a  tensile 
strength  of -220,000  to  240,000  pounds  per  square 
inch  (psi).-  This  rope  is  suitable  for  hauling  and 
hoisting  and  is  used  extensively  on  buoy  tenders. 

Improved  plow  steel  rope  is  one  of  the  best 
grades  of  rope  available.  It  is  stronger,  tougher, 
and  mor£  resistant  to  wear  then  either  plow  steel 
or  mild  plow  steel.  Each  square  inch  of  improved 
plow  steel  can  stand  a  strain  of  240,000  to 
250,000  pounds. 

WIRE  ROPE  LAYS  * 

The  term  lay  refers  to  the  direction  of  the 
twist  of  the  wires  in  a  strand  and  the  strands  in 
the  rope.  In  some  instances  both  the  wires  in  the 
strand  and  the  strands  in  the  rope  are  laid  in 
the  same  direction,  and  in  other  instances  m  the 
opposite  direction,  depending  on  the' intended  use 
of  the  rope.  Five  different  lays  of  wire  rope 
currently  in  use  are  illustrated  in  figure  28. 
The  following  explanations  will  help  you  to  rec- 
ognize and  identify  each1  of  the  five  types  shown. 

RIGHT  REGULAR  LAY:  In  this  type  the  wires 
in  the  strands  are  laid  to  the  left,  while  the 
strands  in  the  rope  are  laid  to  the  right. 

LEFT  RESULAR  LAY:  In  this  case,  the 
wires  are  laid  up  to  the  right  to  make  the  strands, 
and  the  strands  are  laid  up  tofrfce  left  tQ  form 
the  rope.  (In  this  lay,  each  std^Jof  fabrication  is 


exactly   opposite  from  tjie  right  regular  lay.) 

RIGHT  LANG  LAY:  Here  the  wires  in  the 
strands  and  the  strands  in  the  rope  are  both  laid 
up  to  the  right. 

-LEFT  LANG  LAY:  With  this  type  the  wires 
in  the  strands  and  the  strands  in  the  rope  are 
also  laid  in  the  same  direction,  but  in  this  in- 
stance the  lay  is  to  the  left  (rather  than  to  the 
right  as  with  right- lang  lay).        "  .  . 

REVERSE  LAY:  The  wires  in  one  strand  are 
laid  up  to  the  right,  the  wires  in  the  adjacent 
strand  are  laid  up  to  the  left,  the  wires  in  the  next 
strand  are  to  the  right,  and  so  forth,  with 
alternate  directions  from  one  strand  to  the  other. 
Then  all  strands  are  laid  up  to  the  right. 

i 
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RIGHT  REGULAR  LAY 
ROPE  LAY  RIGHT  STRAND  LAY  LEFT 


LEFT  REGULAR  LAY 
ROPE  LAY  LEFT.  STRaNO  LAY  RIGHT 


REVERSE  Lay 
rope  lay  Right  smanD  lay 

ALTERNATELY  LEFT  AND  RIGHT 


Figure  28.—  Typical  wire  rope  lays, 

TYPES  OF  WIRE  ROPE 

While  the  main  types  of  wire  rope  used 
throughout  the  Coast  Guard  consist  of  6,  7,  12, 
19,  24,  or  37  w.ires  in  each  strand  with  6  strands 
laid  around  fiber  or  steel  centers  (figure  29)^ 
the  wire  rope  that  we  are  primarily  interested 
in  is  the  type  installed  on  cutters  for  ocean- 
ographic  work. 

Most  of  the  original  oceanographic  wire 
rope  installations  were  pf  the  7  x  19-3/16" 
diameter  stainless  steel  wire — preformed  air- 
craft cord.  Experience  has  indicated  that  3  xl9— 
3/16"  diameter  stainless  steel  wire  has  many 
advantages  over  the  7  x  19  wire.  Therefore, 
most  new  installations  of  oceanographic  wire  are 
of  the  3x19  type  of  construction,  „ 
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6  STRANDS  0»  19  4  STRANDS  of  12 

WIRES  (6,  If)  WIRES  16,  12) 


Figure  29,—  Arrangement  of  strands 
in  wire  rope. 


MEASURING  WIRE  ROPE 

Wire  rope  is  designated  as  to  size  by  its 
diameter  in  inches.  The  true  diameter  of  a  wire 
rope  is  considered  as  being  the  diameter  of  the 
circle  which  will  just  enclose  all  of  its  strands. 
The  correct  and  incorrect  methods  of  measuring 
wire  rope  are  illustrated  in  figure  30,  Note, 
in  particular,  that  the  CORRECT  WAY  is  to 
measure  from  the  top  of  one  strand  to  the  top 
of  the  strand  directly  opposite  it,  ^The  wrong 
way,  as  you  will  note,  is  to  measure  across  two 
strands  side  by  side,  "Use  calipers  to  take  the 
measurement;  if  they  are  not  available,  a  cre- 
scent wrench  will  do. 

To  ensure  an  accurate  measurement  of  the 
diameter  of  a  wire  rope,  always  measure  the 
rope  at  three  places  at  least  5  feet  apart.  Use 
the  average  of  the  thr,e,e  measurements  as  the 
diameter  of  the  rope. 


Figure  30,—  Correct  and  incorrect  methods 
of  measuring  wire  rope. 
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WIRE  flOPE  FAILURE 

Some  of  the  common  causes  of  wire  rope 
failure  are  listed  below: 

1.  Subjecting  the  rope  to  severe  or  con- 
tinuing overload. 

2.  The  rope  overriding  or  cross-winding 
on  drum. 

3.  derating  the  rope  over  sheaves  and 
drums  of  inadequate* size. 

4.  derating  the  rope  over  sheaves  and 
drurns  with  improperly  fitted  grooves  or  broken 
flanges. 

5.  The  rope  jumping  off  sheaves. 

6.  Using  rope  of  incorrect  size,  construc- 
tion, or  grade. 

7.  Improperly  attaching  the  rope  to  fittings. 

8.  The  rope  dragging  over  obstacles. 

9.  The  rope  kinking. 

10.    Subjecting  the  rope  to  acid  fumes. 


HANDLING  AND  CARE 

To  render  saie,  dependable  sexvice  over  a 
maximum  period  of  time,  wire  rope  must  be 
given  the  care  and  upkeep  necessary  to  maintain 
*it  in  good  condition.  Various  procedures  appli- 
cable to  the  care  arid  handling  of  wire  rope  are 
given  in  the  following  subsections.  It  is  recom- 
mended, that  you  not  only  study  these  procedures 
carefully  but,  what  is  more  important,  that  you 
also  put  them  into  practice  on  your  job.  They 
will  help  you  do  a. better  job  NOW,  and  in  the 
long  run  will  result  in  a  longer  useful  life  of 
the  wire  rope. 

Coiling  and  Uncoiling 

Once  a  new  reel  of  wire  has  been  opened,  it 
may  be  coiled  or  faked  down  like  line.  The 
proper  direction  of  coiling  is  COUNTERCLOCK- 
WISE for  LEFT  LAY  wire  rope  and  CLOCK- 
WISE for  RIGHT  LAY  rope.  Because  of  the  gen-" 
eral  toughness  and  springiness  of  wire,  however, 


•  Figure  31.—  Throwing  a  back  turn  to  make  ' 
wire  lie  down. 

it  has  a  tendency  now  and  then  to  resist  being 
coiled  down.  When  this  occurs,  it  is  useless  to 
fight  the  wire  by  forcing  down  the  stubborn  turn- 
it  will  only  spring  up  again.  But  if  you  throw  it 
in  a  back  turn,,  as  shown  in  figure  31,  it  will  lie 
down  properly.  When  faked  down,  a  wire  rope  will 
run  right  off  like  line;  but  when  wound  fnto  a  coil, 
it  must  always  be  unwound. 

You  will  find  that  wire  rope  has  a  strong 
tendency  to  kink  during  uncoiling,  or  unreeling, 
especially  if-  it  has  been  in  service  for  a  long 
time.  Keep  in  mind  that  a  kink  can  cause  a  weak 
spot  in  the  rope,  which  will  wear  out  quicker 
than  the  rest  of  the  rope. 

A  good  method  for  unreeling  wire  rope  is  to 
run  a  pipe  or  rod  through  the  center  and  mount 
the  reel  on  drum  jacks  ^or  other  supports  so*that 
the  reel  is  off  the  ground  (see  figure  32).  In  this 
way  the  reel  will  turn  as  the  rope  is  unwound, 


Figure  32.—  (Left)  Unreeling  wire  rope. 
(Right)  Uncoiling  wire  rope. 
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Figure*33.—  Drum  winding  diagrams  for 
•  selection  of  proper  lay  of  rope. 

and  the  rotation  of  the  reel  will  help  keep  the 
rope  straight.  During  unreeling,  pull  the  rope 
straight  forward,  as 'shown  in  figure  32,  and 
try. to  avoid  hurrying  the  operation.  As  a  safe- 
guard against  kinking,  NEVER  unreel  wire  rope 
from  a  reel  that  is  stationary. 

*  To  uncoil  a  Small  coil  of  wire  rope,  simply 
stand  the  coil  on  edge  and  roll  it  along  the  ground 
like  a  wheel  or'hoop,  as  illustrated  in  figifre  32. 
NEVER  lay  the  coil,  flat  on  the  floor  or  ground 
and  uncoil  it  by  pulling  on  the  end,  because  such 
practice  is  llkj«fe  to  cause  kinks  or  twists  in  the 
rope. 

To  re- reel  wire  rope  back  onto  a  reel  or  a 
drum,  you  may  have  difficulty  unless  you  re- 
member, that  it  tends  to  roll  in  the  opposite  , 
direction  of  the  lay.  A  right  lay  wire  rope*  for 
example,  tends  to  roll  to  the  left. 

Closely  observe  figure  33,  which  shows  drum 
winding  diagrams  -  for  selection  of  the  proper 
lay  of .  rope.  When  putting  wire  rope  onto  a 
drum,  you  should  have  no  trouble  if  you  are 
familiar  with  ,the  methods  of  overwinding  and 
underwinding  shown  in  the  illustration. 

When  wire  rope  is  run  off  onereeHo  another 
reel,  -  or  onto"  a  wincfi.or  drum,  it  should  be 
run  from  TOP  TO  TOF*  or  from  BOTTOM  TO  . 
BOTTOM,  as  shown  in  figure  34. 


Figure  34.—  Transferring  wire  from 
reel  to  drum. 
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RESULT 

Figure  35.—  Kinking  in  wire.  rope. 


Kinks  * 

If  a  wire  rope  becomes  kinkfcd  (see  figure  35) , 
never  try  to  pull  out  the  kink  by  putting  a  strain 
on  either  part.  As  soon  as  you  notice  a^kink,  un- 
cross the  ends,  by  pushing  them  apart,  (see  step  1 
in  figure  36.)  This  reverses  the  process  that 
started  the  Rink.  Now  turn  the  bent  portion  over 
and  place  it  on  your  knee  orsome  firm  object  and 
push  downward  until  the  kink  straightens  out  some- 
what. Then  lay  it  Qj^a  flat  surface  and  pound  it 
smooth  with  a  wooden  mallet. 


A 

1 

2 

-A 
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Figure  36.—  The  'corfect  way  to  take  out 
*  '       a  kink  in  wire  rope. 
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CENTER  LINE. 


Figure  37.—  Fleet  angle. 


If  a  heavy  strain  has  been  put  on  a  wire  rope 
with  *a  kink  in  it,  the  rope  can  no  longer  be 
trusted.  Cut  out  the  kinked  part  and  splice  the 
•  ends  together. 

Reverse  Bends " 

Whenever  '  poss i ble ,  drums ,  sheaves ,  and 
blocks  used  with  wire  rope  should  be  placed  so 
as  to  avoid  reverse  or  S-shaped  \>ends.  Re- 
verse bends  cause  an  unnecessary  amount  of 
i  shifting  of  the  individual  wires  and  strands,  in- 
.  creasing  wear  and  fatigue.  Where  a  reverse 
bend  is  necessary,  theSlocks  and  drums  affect- 
ing the  reversal  should  b£  of , larger  diameter 
than  that  ordinarily  useji  ind  should  be  spaced 
as  far  apart  4s  possible?*^ 

Size  of  Sheaves 

It  is  not  possible  to  prescribe  an  absolute 
minimum  size  for  wire  rope  sheaves,  owing  to 
'  the  number  of  factors  involved*  Experience  has 
shown,  however,  that  the  diameter  of  a  sheave 
should  NEVER  BE  LESS  THAN  20  TIMES  THE 
DIAMETER  OF  THE  WIRE  ROPE. 

Another  thing  to  remember  in  connection 
with  sheaves  and  drums  is  to  keep  the  FLEET 
"  ANGLE  as  small  as  you  can.  Trie  fleet  angle 
is  formed  by  running  wire  rope  between  a  sheave 
and -a  hoisting  drum  whose  axles  are  parallel 
to  each  other,  as  shown  in  figure  37.  Too  large 
a  fleet,  angle  can  cause  the  wire  to  climb  the 
flange  of  _the  sheave  and  may  even  break  the 
flange.  It  can  also  cause  the  wire  to  climb  over 
itself  on* the  drum.  When  setting  up  the  sheave 
and  drum)  keep  them  far  enough'  apart  to  make 
the  fleet  angle  small.  About  15  times  the  width 
of  the  drum  should  be-  the  minimum  distance 
between  the  drum  axle  and  the  sheave  axle. 
This  will  ensure,  that  the  fleet  angle  is  no  more 
than  1  1/2  to  2  degrees.  (The  width  of  th^  drum 
is  measured  from  flange  to  flange.)  / 


Seizing  and  Cutiing 

Great  care  is  exercised  in  the  manufacture 
of  wire  rope  to  lay  each  wire  in  the  strand  and 
eadh  strand -fn-'the  rope  under  uniform  tension. 
If  the  ends  of  the  rope  are  not  secured  properly, 
the  original  balance  of  tension  will  be  disturbed 
and  maximum  service  will  not  be  obtained,  be- 
cause some  strands  will  carry  a'greater  portion 
of  the  load  than  others.  Before  cutting  steel  wire 
rope,  place  three  sets  of  seizing  on  each  side 
of  the  point  where  the  rope  is  to  be  cut. 

♦ 

To  make  a  temporary  wire  rope  seizing, 
wind  on  the  seizing  wire  uniformly,  using  tension 
on  the  wire.  After  taking  the  required  number 
of  turns  as  in  step  1  in  figure  38,  twist  the  ends 
of  the  wires  *  counterclockwise  as  in  step  2. 
Grasp  ends  with  end-cutting  nippers  and  twist 
up  slack  as  in  step  3,  Do  not  try  to  tighten 
seizing  by  twisting.  Draw  up  bn  seizing  as  in 
step  4/  Again  twist  up  the  slack,  using  nippers, 
as  in  step  5.  Repeat  steps  4  and  5  if  necessary. 
Cu\  ends  and  pound*  them  down  on  the  rope* 
as  \fi  step  6.  If  the  seizing  is  to  be  permanent, 
or  if  the  rope  is  1  5/8  inch  or  more  in  diam- 
eter, use  a  serving,  bar  of  iron  to  increase 
tension  on  the  seizing  wire  whgn  putting  on  the 
turns.  •  v 


Figure  38.—  Putting  temporary  seizing 
\^  on  wire  rope. 
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SEIZINGS 


Figure  39.—  Hammer-type  wire  rope  cutter.  Figure  40.—  Use  of  wire  rope  clips. 


Wire  rope  can  be  cut  successfully  by  a 
number  of  methods.  One  effective  yet  simple 
method  is  that  of  using  a  hammer- type  wire 
rope  cutter  (see  figure  39f.  (Remember  that 
all  wire  must  be  seized  before  it  is  cut.)  For 
best  results  in  using  this  method,  place  the 
rope  in  the  bottom  of  the  cutter,  as  illustrated, 
so  that  the  blade  comes  between  th*  two  central 
seizings.  With  the  blade  down  against  the  rope 
at  the  location  of  the  cut,  strike  the  top  of  the 
blade  sharply  several  times  with  a  sledge  ham- 
mer. / 

Wire  rope  can  be  cut  easily  with  a  hydraulic 
wire  rope  cutter.  This  device  works,  basically 
like  a  hydraulic  jack;  as  you  pump  the  handle, 
a  cutter  comes  down  and  cuts  the  wire  rope. 

Bdlt  cutters  are  suitable  only  for  cutting 
♦wire  of  fairly  small  diameter  but  the  oxyacety- 
lene  tprch  will  cut  wire  of  any  diameter.Jother 
cutting  tools  include  the  hacksaw  and  cold  chi- 
sej,  but  with  them  the  cutting  operation  is 
slower.        *  „ 

Inspecting  for  Wear 

You  should  frequently  inspect  wire  rope 
for  fishhooks,  kinks,  and  worn  and  corroded 
— Spots.  Worn  spots  show  up  as  shiny  flattened 
surfaced.  To  determine  the  wear,  you  must 
know  (1)  the  original  diameter  of  the  wire  rope, 
(2)  the  present  diameter  of -the  wire  rope  at  the 
worn  place,  and  (3)  the  diameter  of  a  single 
wire  in  one  of  the  strands  of  the  wire  rope.  The 
original  diameter  of  the  rope  is  shown  in  the  ship's 
records.  Find  the  actual  diameter  by  measuring 
widi  a  micrometer  or  vernier  caliper,  as  shown 
in  figure  30.  Now,  subtract  the  measured  diameter 
of  the  wire  rope  from  the  original  diameter,  If  the 
difference  is  half  the  diameter  of  the  single  wire, 


the  safe  working  load"  of  the  wire  rope  is  reduced 
materially.  If  the  difference  is  equal  to  or  greater 
than  the  diameter  of  the  single  wire,  replace  the 
rope.  Even  if  no  worn  spots  are  apparent,  measure 
wire  rope  occasionally  to  determine  the  overall 
wear.  Take  three  or  four  measurements  at  inter- 
vals of  several  feet  and  find  the  mean.  The  same 
rule  applies  here  as  with  worn  spots:  Replace  the 
rope  if  the  outer  wires  are  worn  toone-half  their 
original  diameter. 


Rusting  and  corrosion  of  the  wires  and  deteri- 
oration of 'the  fiber  core  sharply  decrease  the 
strength  of  a  rope.  It  is  impossible  to  estimate 
accurately  the  loss  in  strength  from  these  effects. 

Wire  Rope  Clips 

A  temporary  eye  splice  may  be  put  in  wire 
rope  by  using  clips.  A  single  clip,  as  shown 
in  figure  40,  consists  of  three  parts:  U-bolt, 
roddle  (or  saddle),  and  nuts.  The  correct  and 
incorrect  methods  of  applying  these  clips  to 
wire  rope  are  shown-  in-  figure  40;  the  second- 
incorrect  method  shown  is  the  most  comrhon. 
Notice  that  the  CORRECT  way  is  to  apply  the 
clips  so  that  the  U-bglts  bear  against  the  bitter 
end,  that  is,  the  short  end  of  the  rope.  If  the 
clips  are  attached  incorrectly,  the  result  will  be 
distortion  or  mashed  spots  on  the  live  end  of 
the  rope.  An  old  rule  to  remember  is  "never 
saddle  a  dead  horse". 

In  applying  the  clips,  make  sure  the  distance 
between  them  is  equal  to  six  times  the  diameter 
of  the  rope.  After  a  rope  is  under  strain, 
tighten  the  clips  again.  Tighten  the  clips  on 
operating  ropes  every  few  hours  and  inspect 
the  ropes  carefully  at  points  where  there  are 
clips.  Pay  particular  attention  to  the  wire  at 
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the  -clip  farthest  '  from  the  eye,  as  vibration 
and  whipping  are  dampened  here  and  fatigue 
breaks  are  likely  to  occur. 


To  obtain  maximum  strength  in  a  tem- 
porary eye-  splice,  use  the  correct  size  and 
number  of  wire  clips.  The  size  is#  stamped  on 
the  rodclle  between  the  two  holes.~~A  thumb 
rule  for  determining  the  number  of  clips  re- 
quired for  various  sizes  of  rope  is  to  multiply 
the  diameter  of  the  rope  by  3  and  add  1;  stated 
as  a  formula, 'this  meaa*' 


3D  +  1  s  number  of  clips 


As  an  example,  if  the  rope  has  a  diameter  o_f 
1  inch,  determine  the  number  of  clips  as  fol- 
lows: 


3x1  +  1  =  4  clips 


In  case  the  answer  contains  a  fraction,  use 
the  next  largest  whole  number. 


The  clips  should  be  properly  spaced  to  pro- 
vide a  good  hold  on  the  rope.  To  determine  the 
correct  distance  between  the  clips,  multiply 
6  times  the  diameter  of  the  rope.  Here,  as  in 
determining  the  number  of  clips,  if  theyanswer 
contains  a  fraction,  use  the  next  larg^W  whole 
number. 


An  improved  type  of  wire  rope  clip  which 
has  been  developed  is  shown  in  figure  41.  This 
type  has  a  few  advantages  over  that  shown  in 
figure  40>  In  the  improved  type,  both  halves 
are  identical  and  provide  a  bearing  surface 
for  both  parts  of  the  rope.  Thus,  the  clip  cannot 
be  put  on  wrong,  and  it  will  not  destroy  the  wire. 
It  also  allows   a   full  swing  with  a  wrench. 


.  Inspect  and  tighten  wire  rope  dlips  at  regular 
intervals.  Also,  after  comparatively  long  use,  the 
clips  should  be*  removed  and  the  rope  examined 
for  broken  wires.  If  any  are  present,  the  dam- 
aged part  should  be  removed  and  a  new  attach- 
ment made. 


Figure  41.—  Improved  type  wire  rope  clip. 

While  only  2  wire  clips  are  required  <in 
3/16"  wire -to  make  a  safe  temporary  eye  splice, 
a  minimum  of  3  wire  clips  *is  recommended  to 
assure  proper  wire  alignment.  A  similar  condition 
exists  when  you  make  a  temporary  eye  splice 
using  a  Nicopress  sleeve  (figure  42);  only  1 
sleeve  is  required,  but  the  use  of  2  sleeves 
is  recommended  to  ensure  that  no  equipment 
loss  results  because  of  an  improper  sleeve 
application.  §pace  the  Nicopress  sleeves  in  the 
same  manner  ,  recommended  for  spacing  wire* 
clips. 

Figure  42  shows  the  Nicopress  tool  and 
sleeves  used  for  making  temporary  eye  .splices 
in  wire  rope.  Also  shown  are  thimbles,  swivels, 
wire  clips,  and  shackles.  These  are  a  few  of 
the  tools  and  equipment  commonly  used  when  you 
arejrworking  with  oceanographic  wire  rope. 

This  sectipn  has  covered  wire  rope  in 
general;  more  detailed  infornYation  may  be  found 
in  Chapter  27  of  the  Naval  Ships  -  Technical 
Manual.  Additional  information  about  oceano- 
graphic wire  rope  may  be  found  in  CG  410 
or  N.  O.  Pub.  607.' 
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PLATFORM  RIGGING- 

The  platform,  gall6ws,  meter  wheel,  counter 
cable,  counter  (see  figure  43),  and  oceanographic 
weight  are  all  part  of  a  completed  rigging 
necessary  for  most  hydrographic  work  performed 
by  Coast  Guard  vessels. 

Platform 

The  rigging  of  the  oceanographic  platform- 
is  not  a  difficult  task  if  done  properly,  A  great 
deal  of  time  and  energy  may  be  saved  by  keep- 
ing the  platform  in  good  repair  and  the  rigging 
fittings  well  lubricated.  As  you  rig  the  plat- 
form in  the  working  position,  ensure  that  all 
bolts  and  pins  are  securely  in  place.  An  impro- 
perly sized  fitting  can  cause  slack  in  the  rigging 
that  may  well  result  in  warped  connecting  points. 

I'pon  completion  of  a  cruise,  the  disassem- 
bling of  the  platform  rigging  is  nearly  as  im- 
portant as  the  assembling.  At  the  time  of  dis- 
assembling, you  should  clean  the  various  con- 
nections, inspect  the  Tigging  for  wear  or  other 
weak  points,  and  relubricate  the  various  fittings 
as  required.  By  followfng  this  procedure  and 
noting  any  discrepancies,  you  will  know  the 
condition  of  your  equipment  and  what  needs  to 
be  replaced  and  will  assure  yourself  a  smooth 
and  rapid  rigging  the  next  cruise.  , 

Gallows 

After  the  platform  is  in  position,  rig  the 
gallows  (A-frame).  As  you  rig  the  gallows, 
exercise  the  same  care  that  you  did  in  rigging 
the  platform.  Th*  height  of  the  gallows  and  the 
wire  angle  have  an  effect  on  your  ability  to 
work  with  equipmerit  that  you  must  place  on,  or 
retrieve  from,  the  oceanographic  wire.  If  the 
gallows  is  too  high  and  the  wire  angle  is  too  large 
the  equipment^  is  difficult  to  reach;  inversely! 
if  the  gallows  is  too  low  and  the  wire  angle  is 
too  small,  damage  to  equipment  can  result  or 
the  wire  can  become  fouled,  or  even  sheared, 
by  the  platform  or  the  ship's  hull. 

Cofisiderations  other  than -equipment  safety 
are  necessary;  personal  safety  should  always  be 
FIRST.  If  the  'gallows  is  high,  never  over- reach 
your  position  while  working  with  equipment  on  the 
platform.  If  the.  gallows  is  low,  be  mindful  of 
the  dangers  to  you  or  your  men  by  a  low  meter 
wheel  and  running  wire. 


Meter  Wheel 


After  you  have  positioned  the  gallows,  you 
may  rig  the  meter  wheel  (block).  The  meter 
wheel  is  a  diamond-shaped  roller  bearing  block 
combining  some  of  the  features  of  both  blocks 
in  figures  44  and  45.  Normally  rig  the  meter 
wheel  from  the  top  of  th§  gallows  by  using  a 
shackle.  Pass  the  shackle  through  a  ring  secured 
to  the  gallows  while  passing  the  shackle  screw 
pin  through  the  round  eye  of  the  meter  wheel 
swivel.  (See  figure  46.) 

A  properly  rigged  meter  wheel  will  swing 
freely  from  the  gallows.  This  swinging  action 
will  prevent  the  wire  from  jumping  the  meter 
wheel  sheave  even  if  your  ship  is  pitching  or 
rolling  moderately. 

Care  and  maintenance  of  the  meter  wheel 
is    important  to  the  success  of,  your  oceano- 
graphic program.  Check  the  wheel  for  ease  of 
movement  before  each  cruise  and  each  cast 
To  prevent  the  wheel  from  binding,  lubricate 
it  periodically.  The  wheel  has 'grease  fittings 
that  permit  quick  and  proper  lubrication  with  a 
grease  gun.  You  must  judge  the  frequency  of  lub- 
rication that  your  work  load  requires;  however, 
it  is  recommended  that  you  purge  the  wheel  prior 
to   the   first   hydrographic  station,  after  each 
station,  and  before  subsequent  hydrographic  sta- 
tions if  weather  conditions  are  bad  or  the  time 
between  stations  is  long.   Unless  the  wheel  is 
binding  or  visual  inspection  reveals  a  problem, 
an  annual  disassembly  for  inspection  of  the  bear- 
ings and  internal  wear  should  ensure  trouble- 
free  service  of  a  meter  wheel. 


Counter 

A  counting  device  is  required  for  most 
oceanographic  work.  The  oceanographic  winch  is 
usually  equipped  with  a  counter  that  indicates 
the  amount  of  wire  payed  out,  and  the  meter 
wheel  is  usually  equipped  with  a  direct  counter. 
In  addition  to  these  counting  devices,  a  remote 
counter  is  required  equipment.  The  remote  count- 
er, which  is  normally  rigged  oYi  the  gallows, 
provides  the  most  accurate  measurement  of  cable 
payed  out.  The  remote  counter's  required  main- 
tenance is  minor;,  keep  the  counter  clean  and 
well  greased. 
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Figure  46. 


Counter  Cable 

A  counter  cable  is  used  to  connect  the  re- 
mote counter  to  the  meter  wheel.  A  properly 
rigged  counter  cable  has  sufficient  slack  to  pre- 
vent excessive  strain  on  the  connections  at  the 
meter  wheel  or  counter  during  periods  of  bad 
weather  or  large  wire  angles.  These  connecting 
cables  are  available  with  a  plastic  coating  to 
reduce  corrosion  and  to  increase  service  life. 
With  proper  lubrication  and  proper  fitting  con- 
nections, the  counter  cable  will  perform  well, 
but  always  have  a  spare  one  aboard  for  each 
cruise. 

Weight  '  , 

Un  oceanographic  weight  completes  the  basic 
platform  rigging  and  is  used  to  stabilize  the 
ocean\tgragbic  wire.  Thisweight  usually  consists 
of  a  metal  block. about  24  inches  long  with  an 
eye-ring  at  each  end.  The  weight  does  not 
require  maintenance,  but  painting  it  a  light  color- 
white  or  yellow—  will  make  if  prominent  as  it 
nears  the  water's  surface. 


PLATFORM  AREA  SAFETY 

Since  deck  safety  has  such  a  broad  base, 
we  will  restrict  this  section  to  the  areas  of 
i  safety  associated  with  oceanographic  work. 

While  the  safety  of  deck  equipment  is  very 
important,  the  safety  of  personnel  is  ALWAYS 
the  prime  consideration.  Under  normal  operating 
conditioi»v*personnel  observing  the  following  min- 
imum safety  requirements  should  be  able  to 
function  tn  a  safe  and  proficient  manner.  The 
important  thing  to  remember  about  safety  of 
any  nature  is  that  a  basic  knowledge  of  the  job 
and/or  equipment  coupled  with  common  sense 


^results  in  safe  and  efficient  performance  under 
normal  operating  conditions. 

WJien  you  analyze  the  nature  of  any  assigned 
task  for  possible  types  of  personal  injury,  you 
should  determine  your  need  for  appropriate  safety 
equipment.  When  you  are  subject  to  head  injury, 
wear  a  hard  hat.  If  your  feet  are  liable  to  injury, 
wear  safety  shoes.  When  working  on  the  plat- 
form, wear  a  work-type  vest,  because  you  are 
often  subject  to  falling  over  the  side.  In  a 
situation  requiring  you  to  remove  outboard  life 
lines,  wear  a  harness  with  an  attached  safety 
line  in  addition  to  the  life  vest.  If  sufficient 
personnel  are  available,  they  should  hand-tend 
this  safety  line;  otherwise,  secure  the  line  to 
the  ship. 

With  these  recommended  precautions  in  mind, 
an  ideal  oceanographic  team  conducting  a  Kansen 
cast  would  be  outfitted  as  follows: 

"  1.    Safety  officer  -  hard  hat. 


2.  ^Oceanographic  supervisor  -  hard  hat 
safety  shoes,  and  life  vest. 

■I 

/~\3^  Platform  man  -  hard  hat,  safety  shoes 
Aife  vesTTSnd  swimmer's  harness, 

4.  Bottle  passer  -  hard  hat,  safety  shoes 
and  life  vest. 

5.  Winch  operator  -  h&rd  hat. 


Rig  the  swimmer's  harness  and  the  attached 
safety  line  in  such  a  fashion  to  allow  a  man  fall- 
ing from  the  platform  to  hit  the  water  and  still 
have  some  slack  line.  The  reason  for  this  length 
of  line  is  to  prevent  the  man  from  being  stopped" 
shbrt  and  incurring  bodily  harm  from  the  fall 
or  from,  striking  the  side  of  the  ship.  A  pro- 
perly tended  line  will  prevent  the  man  from 
being  drawn  into  the  screws  and  will  facilitate 
hauling  the  man  aboard. 

i 

The  handling  of  oceanographic  wire  )s  an 
'ever-present  safety  hazard.  To  minimize  \this 
hazard,  you  should  always  wear  gloves  to  protect 
your  hands  from  fish  hooks  that  may  have 
developed  in  the  wire.  A  useful  device  to  aid 
in  fending  the  wire  away  from  the  piatform  during 
periods  of  low  wire  angles  is  a  leather  arm 
guard.  The  platform  man  should  have  this  device 
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laced  to  his  forearm  when  he  is  eitfier  lowering 
or  retrieving  a  Nansen  cast. 

The  position  of  the  oceanographic  platform 
aboard  your  vessel  may  present  hazards  to  both 
personnel  and  equipment.  High  wire  angles  may 
result  in  a  situation  that  requires  the  platform 
mfin  to  overextend  his  reach.  To  prevent  this 
hazard,  reduce  the  wire  angle  by  a  boat  hook; 
however,  for  added  leverage,  a  hook  on  the  end 
of  a  line  fair-led  through  a  block  works  extremely 
welL  ^ 

As  mentioned  previously,  one  of  the  duties^ 
of  the  platform  man  is  to  fend  the  wire  from' 
the  platform.  This  action  prevents  the  equip- 
ment on  the  wire  from  striking  the  platform  and 
also  reduces  the  possibility  of  severing  the  wire 
on  the  platform  edge.  The  possibility  of  severing 
or  fouling  the  wire  on  the  edge  of  the  platform 
can  be  greatly  reduced  if  a  roller  assembly  is 
installed  on  the  outboard  edge  of  the  platform. 

The  platform's  position  may  also  bring  about 
a  pendulum  situation.  This  is  a  situation  that 
results  when  a  heavy  object  is  positioned  on  the 
end  of  the  oceanographic  wire.  As  the  object 
breaks  the  surface,  the  rolling  action  of  the  ship 
sets  the  object^tn  motion,  swinging  it  back  and 
forth.  Extreme  caution  is  required  in,  this  sit- 


uation. Simply  applyW  force  on  the  wire  may* 
dampen  the  swinging  action;  more  positive  mea- 
.  sures  mky  be  required;  such  as  a  man  position- 
ed at  a  lower  level  with  a  means  to  fend  the 
object  off.  'A  light  rod  or  boat  hook  with  a  C- 
clamp  attached  can  be  effective  in  some  cases. 

The  pendulum  effect  can  cause  extensive 
damage  to  deep-sea  reversing  thermometers, 
STD^sensing  units,  sonar  pingers,  and  bottom 
sampling  equipment.  Be  aware  of  the  dangers 
to  both  your  men  and  your  equipment,  because 
you  require  both  to  perform  a  successful  ob- 
servational program. 

If  you  are  the  oceanographic  supervisor 
or  the  man  working  on  the  platform,  one  of  the 
best  ways  to  insure  a  safe  working  area  is  to 
conduct  a  personal  check  of  all  safety  keepers, 
cotter  pins,  and  shackles.  Be  sure  that  the 
shackles  are  safety  wired. 

In  closing  this  area  of  instruction,  remember 
that  the  suggestions  in  this  section  are  for  the 
most  part  MINIMUM  requirements,  and  at  no 
time  are  they  to  be.  considered  all  inclusive. 
The  Commandant,  as  well  as  area,  district,  and 
unit  commanders,  issues  Instructions  and  Notices 
for  YOUR  safety  and  the  safety  of  your  equip- 
ment. Know^WHAT  to  do  and  WHEN  to  doit! 


V 
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C&EANOGRAPHIC  EQUIPMENT  AND  INSTRUMENTS 


WATER  SAMPLERS 

To  know  the  ocean  is  to  analyze  its  con- 
tents. One  of  a  Marine- Science  Technician's 
'most  important  Jobs  is  collecting  water  samples 
for  analysis. 

The  simplest,  and  perhaps  the  earliest,  water 
sampler-is  nothing  more  than  an  orc^nary bucket. 
As  an  effective  w&ter  sampler,  the  bucket  is 
restricted  to  surface  samples.  Water  drawn  from 
a  bucket  sample  \%  of  little  or  no  value  for 
oxygen  or  nutrient  analysis. 

The  need  .for  uncontaminated  water  , samples 
from  the  ocean's  surface  to  various  depths  below 
the  surface  has  fostered  m^ny  varied  sampling 
devices.  History  indicates  that  the  first -sampling 
device  was  a  bottle  invented  by  Hooke  in  1611. 
Sinc^then,  more  than  50  types  have  been  devel- 
oped ajid  used  by  different  researchers  over  the . 
years.  Experience  has  shown  that  a  simple  but 
rugged  design  was  called  for.  The  equipment 
used  for  water  sampling  must  withstand  the  rig- 
'  orous  dc^ari  environment. 

NANSEN  BOTTLE 

The  samplervthat  has  the  widest  usage  in 
the  Coast  Guard  today. is  the  .Nansen  bottle. 
This  sampler  was  cjeveloped  in  the  latter  part 
•  of'  the  19th  century  by  the  famed  Norwegian 
arctic  explorer  .and  oceanographer,  Fredtjof 
Nansen,  ,  - 

The  Nansen  bottle  (figure  47)  is  a  metal 
reversing  water  sampler  with  a  1,25-liter  cap- 
acity. The  bottle  is  fitted  at  both  ends  with 
tapered  plug  valves  that  ar§  joined  with  a  con- 
necting rod.  This  arrangement  allows  the  bottle 
to  withstand  the  great  pressures  of  deep  water. 
At  any  desired  depth  the  bottle  can  be  reversed 


(figure  48),  closing  the  valves  and  obtaining  a 
water  sample  for  that  particular  level. 

While  the  Nansen  bottle  is  simple  in. both 
operation  and  construction,  it  requires  proper 
maintenance  and  preparation  jprior  to  use.  Before 
you  use  a  Nansen  bottle  on  a  station,  check  it  y 
carefully  for  proper '  operation  of  parts.  Lub- 
ricate the  valves  with  silicone  stopcock  grease 
to  insure  smooth  movement  as  well  as  a  water- 
tight seal.  Lubricate  all  moving  parts  with  pene- 
trating oil  to  give  free  action.  Test  the  bottle- 
releasing  mechanism  for  Woper  action.  If  it  Is 
weak,  the  bottle  may  trip  prematurely  during 
lowering  of  the  cast.  If  the  release  mechanism 
is  too  stiff,  the  bottle  may  not  reverse  when 
it  is  tripped.  The  air  vent  holes  should  be  free 
of  any  foreign  material  and  the  vent  screw 
should  turn  smoothly.  Smooth  action  of  the  drain 
petcock  is  also  required.  ' 

A  Nansen  bottle  spare-parts  kit  is  available 
through  regular  supply  sources  and  should  be 
part  of  your  ship's  allowance  list.  This  kit  con- 
tains spare  clamps,  springs,  washers,  pins,  and 
necessary  tools  to  effect  minor  repairs  and 
gener&l  maintenance, 

NISKIN  BOTTLE 

Another  water  sampler  that  is  becoming*/ 
more  useful  in  oceanographic  work  is  the  NiskinV 
bottle  (figure  49).  The  Niskin  bottle  comes'in 
various  sizes  and  can  easily  be  adapted  for  a  , 
variety  of  observations  requiring  larger  samples 
than  those  provided  by  a  Nansen  bottle,  A  Niskin 
bottle  with  a  1,7-litpr  capacity  is  available  and 
can  be  ijsed  for  quality  control  sampling  required 
with  STD  operations.  This  size  bottle  requires 
a  barrel  type  messenger  as  a  tripping  device. 
While  the  Niskin  bottle  is  a  sturdy  piece  of 
equipment,  it  is  subject  to  breakage  if  not  handled 
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Figure  48.—  Nansen  bottle  in  three  positions— 
before,  during,  and  after  tripping. 


Figure  49.—  Niskin  Bottle  (A)  before  tripping/i 


e// 

with  care.  "Usual  repair  of  a  bottle  consists  of 
gluing  the  bottle  to  the  mounting  mechanism, 

ROSETTE  MULTI-SAMPLER 

w 

The  General  Oceanics  Rosette  Multi-Sampler 
(Model  RMS-12)  is  an  electrically  actuated  set  of 
sampling  bottles  mounted  on  an  underwater  trig- 
gering unit  that  allows  the  bottles  to  close  sequen- 
tially on  command  from  a  shipboard  deck  unit.  The 
sampler  can  be  used  alone  or  onxthe  same  sea 
cable  with  most  Bissett-Berman  STD  Measuring 
Systems .  Monitoring  the  STD  system's  strip-chart 
plotter  during  a  cast  enables  a  sampler  to  be  trig- 
gered as  it  passes  through  an  area  of  interest  to  an 
observer.  The  RMS-12  contains  twelve  r.7-liter 
sampling  bottles  (figure  50). 

The  Rosette  Multi-sampler  system  is  com- 
prised of  a  deck  unit,  underwater  triggering  unit, 
and  samplers.  The  Rosette  deck  unit  supplies  pow- 
er and  actuation  signals  to  the  triggering  unit 
through  a  single-conductor  sea  cable.  The  sam- 
plers can  be  fitted  with  reversing  thermometer 
frames  (figure  49C).  When  this  system  is  used 
with  an  STD  system,  the  Rosette  deck  unit  is  elec- 
trically interconnected  between  the  STD  deck  unit 
and  the  sea  cable,  and  the  Rosette  underwater  trig- 
gering unit  is  electrically  interconnected  between 
the  sea  cable  conductor  and  the  STD  underwater 
uSit,  When  the  Rosette  sampler  is  triggered,  the 
STD  system  is  automatically  cut  out  of  the  system 
for  approximately  five  seconds  to  actuate  and  re- 
charge  the   sampler  mechanism.   When  using 
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reversing  thermometers,  wait  ten  minutes  for  the 
thermometers  to  equilibrate  at  eac£  sampling 
depth  at  which  they  are  used  before  triggering  the* 
sampler. 

Maintenance  of  the  multi- sampler  is* 'limited 
to  washing  down  the  samplers  and  the  deck  unit 
with  fresh  water  after  each  immersion  and  to  ' 
ensuring  that  the  releasing  pins  are  free  from 
foreign  matter  and  are  well  lubricated  with  a 
silicone  spray.  On  a  weekly  basis,  remove  the 
top  plate  of  the  underwater  triggering  unit  by 
unscrewing  the  six  allenhead,  screws  in  order 
to  enable  thorough  cleaning  of  all  releasing  pins, 
springs,  plastic  pins,  and  pin  slots  in  the  upper 
plate.  Apply  silicone  grease  to  the  allenhe&d 
screws  before  replacing  the  top  plate.  * 


TEMPERATURE  MEASURING  EQUIPMENT 

SEA  SURFACE  TEMPERATURE 

The  temperature  of  the  sea  water  surface, 
is  one  of  the  most  common  temperature  measure- 
ments observed  today.  The  method  most  'fre- 
quently used  to  measure  this  temperature  is 
to  immerse  the  bulb  end  of  an  ordinary  ther- 
mometer into  a  water  sample  collected  in  a  buc- 
ket and  to  read  the  resulting  temperature.  Another 
common  method  of  measuring  sea  water  surface 
•  temperature  is  to  measure  the  temperature  at 
the  sea  water,  intake.  The  need  for  improved 
equipment  and  methods  (^temperature  measure- 
ment is  widely  recognized.* 

Bucket  Method 

The  types  of  thermometers  used  for  measur- 
ing bucket  temperatures  vary  from  the  ordinary 
air  sensing  type  to  the  special  construction 
type.  An  observation  program  that  demands  great 
accuracy -requires  special  construction  of 'the 
thermometers  such  as  an  expanded  scale,  for 
more  accurate  readings.  The  accuracy  of  a  temp- 
erature reading  depends  upon  the  construction 
and  markings  of  the  thermometer?  therefore,  - 
it  is  recommended  that  you  estimate  to  the 
nearest  one-tenth  of  the  scale's  value;  e.g.,  if 
the  scale  is  marked  for  each*  2.0  degrees,  you 
should  estimate  the  value  to  the  nearest  0.2  degree. 

recommended  procedure  for  measuring 
surface  sea  water  temperature  by  the  bucket 
method  is  to  obtain  the  sample  forward  of  any 


.overboard  discharges,  mov$miJfre.  bucket  to  a 
shaded  area  protected  from  the  wind  if  possible, 
immerse  the  bulb-end  of  the  thermometer  into 
the  sample  and  swirl  it  until  the  temperature' 
has  stabilized,  and  then  read  the  thermometer 

'  while  the  sensing  bulb  is  still  immersed  in 
order  to  prevent  *  an  erroneous  reading  caused 
by  evaporation.  A  minimum  of  tw^  readings 
should  be  taken  to  insure  a  valid  temperature 
measurement. 

Sea  Water  Intake  Method 

Sea  water  intake  temperatures  may  be  used 
if  necessary;  however,  it  is  recommended  that 
a  periodic  comparison  be  made  between  the  intake 
reading  and  the  readings  obtained,  by  the  bucket 
method.  A  series  of  such  readings  at  different 
cruising  speeds  of  your  vessel  will  indicate  an 
even  better  comparison,  and  any  difference  that 
appears  to  be  consistent  should  be,  used  to 
correct  readings  obtained  by  the  intake  method. 


SUBSURFACE  TEMPERATURE 


in^ife 


The  measurement  of  subsurface  water  temp- 
erature is  a  more  difficult  task  than  the  measure- 
ment of  surface  water  temperature.  In  this  course 
we  will  cover  the  subsurface  temperature  measur- 
ing methods  most  commonly  used  in  the  Coast 
Guard.  These  methods  involve  four  types,  of 
measuring  instruments:  tfye  deep-sea  reversing 
thermometer,  the  mechanical  bathythermograph, 
the  expendable  bathythermograph,  and  the  sal- 
inity-temperature-depth measuring  system. 

Deep-Sea  Reversing  Thermometer 

Deep-sea  .reversing  thermometers  are  used 
in  conjunction  with  w&ter  sampling  bottles.  These 
thermometers  are  very  expensive  and  require 
delicate  handling.  The  purpose  of  these  ther- 
momejers  is  to  measure  in  situ  water  temp- 
eratures, by  reversing  the  thermometers  at  a 
desired  depth,  at  which  Jtime  the  mercury  that 
has  entered  the  stem  will  indicate  the  temper- 
ature of  the  water  at  that  particular  depth. 

These  thermometers'  operation  is  simple, 
but  their  construction  requires  delicate  handling. 
There  are  basically  two  types  o*f  deep-sea  re- 
versing thermometers — the  protected  and  the 
unprotected  (figure  51).  Each  thermometer  actu- 
ally   consists  of  -two  instruments-1— the  main 
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thermometer  and  the  auxiliary  thermometer. 
The  main  thermometer  is  the  reversing  instru- 
ment that  indicates  the  water  temperature,  while 
the  auxiliary  is  an  ordinary  thermometer  used 
to  indicate  ambient  temperature  conditions  used 
for  correcting  the  main  thermometer  reading. 

The  main  thermometer  is  essentially  a 
double-ended  thermometer.  In  the  upright  or 
lowering  position,  it  has  a  large  reservoir  of 
mercury  at  the  lower"  end  connected  by  means 
.of  a  fine  capillary  to  a  snpall  bulb  at  the  upper 
end.  The  capillary  is  constricted  and  branched 
just  above  the  reservoir.  This  branching  point 
is  called  the  appendix  dead  arm.  The  function 
of  the  appendix  dead  arm  is  to  provide  a  means 
of  separating  the  mercury  in  the  reservoir. 


Above  the  appendix  dead  arm,  the  thermometer 
is  bent  in  a  360*  loop,  referred  to  as  the  pigtail, 
and  then  continues  straight  and  terminates  with 
the  bulb  at  the  upper  end. 

The  main  thermometer  Is  so  constructed 
that  in  the  upright  or  lowering  position  mercury 
fills  the  reservoir,  the  capillary,  and  sometimes 
part  of  the  bulb,  depending  upon  the  temperature. 
When  the  thermometer  reverses,  the  mercury 
column  breaks  at  the  appendix  dead  arm  and 
descends  into  the  bulb,  filling  it  and  part  of 
the  stem,  thus  indicating  the  temperature  at  the 
depth  of  reversal.  The  mercury  remains  at  this, 
reading  until  the  thermometer  is  returned  to 
the  upright  position;  then  the  mercury  drains 
from  the  bulb  and  back  into  the  reservoir. 
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Figure  52,—  Special  carrying  cases 
for  storing  and  transporting  thermometers. 


The  protected  and  unprotected  thermometers 
are  similar  in  basic  construction;  however,  the 
protected  thermometer  is  enclosed  in  a  sealed 
glass  jacket  that  protects  the  thermometer  from 
hydrostatic  pressure.  The  space  surrounding  the 
reservoir  of  the  main  thermometer  is  filled 
with  mercury  to  insure  good  thermal  sensing 
qualities,  thereby  gjving  a  tnle  reading  of  the 
surrounding  water  parcel.  The  unprotected  ther- 
mometer has  a  glass  jacket;  but  unlike  the  pro~v 
tected  thermometer,  the  unprotected  thermometer 
is  /subjected  to  hydrostatic  pressure  because 
there  is  an  opening  at  on6  end  to  allow  direct* 
contact  with  the  water.  The  readings  indicated 
by  the  unprotected  thermometer  are  a  result 
of  both  water  temperature  and  wate^  pressure. 
The  unprotected  thermometer  is  very  useful  for 
determining  the  depth  at  which  the  thermometers- 
.were  reversed.  This  depth  is  called  thermometric 
depth  and  is  compared  to  desired  dgpth  to  deter- 
mine accepted  depth* 

f 

When  you  are  handling  reversing  thermom- 
eters, take  care  NEVER  to  allow  ^thermometer 


to  la>'  on  its  side.  The  reason  for  this  is  that 
the  construction  of  these  thermometers  is  such 
that, if  they  are  in  a  horizontal  position,  the 
mercury  in  the  main  thermometer  may  become 
separated.  This  .separation  can  trap  gas  in  the 
stem  and,  cause  the  instrument  to  malfunction. 
Fojr  this  reason,  thermometers  are  always  trans- 
ported from  one  vessel  to  another  by  hand- 
carryjng. 

A  special  carrying  case  (figure  52)  is  made 
for  ?he  storage'  and  transport  of  these  thermo- 
meters.' These  cases  are  padded  With  shock 
absorbent,  material  and' have  compartments'  for 
either  48  or  -60  thermometers,* The  thermometers 
are  placed  in  the 'case  with  the  reservoir  ena 
down;  however,  if  the  air  temperature  is  expected 
to  drop,  to  -10°  C  or  lower,  the  thermometers 
t  should  be  reversed  to  prevent  damage  to  the 
auxiliary  thermometers.  The  reversing  thermom- 
eters should  be  reversed  once  each  24  hours  to 
insure  satisfactory  functioning  of  these  instru- 
ments. If  no  ■  observational  pi*ogr^ms  are  ex- 
pected within  a  5-day  period,  the  exercise  period 
may  be  reduced  to  once  every  48  hours.  ^ 
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Figure  53.-  Bathythermograph  (BT). 
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Figure  54.-  BT  temperature  and  pressure  elements. 


In  N.  O.  Pub.  607,  there  is  a  chapter  about 
manipulating  malfunctioning  reversing  thermo- 
meters. The  only  malfunction  that  is  considered 
to  be  correctable  aboard  ship  is  the  malfunction 
referred  to  as  FTD  (fails  to  drain).  This  is  the 
condition  that  'exists  when  the  mercury  does 
not  properly  empty  out  of-  the  bulb  when  the 
thermometer  is  righted.  This  condition  is  easily 
recognized  and  should  be  handled  as  otitlined 
in  N.  O.  Pub.  607, 

Mechanical  Bathythermograph  (BT) 

The  best  single  index  'to  subsurface  con- 
ditions is  the  temperature  distribution  in  the 
<Uf$fer  layers  of  the  ocean.  An  important  in- 
strument for  measuring  this  distribution  is  the 
bathythermograph  (BT),  a  device  *whi6h  records 
the  sea  temperature  variation  with  depth.  The 
mechanical  BT  can  fee  operated  at  ship  speeds 


up  to  18  knots,  with  the  best  operation  at  speeds 
of  12  knots  or  less.  The  mechanical  BT  is  a 
brass,  torfedo-shaped  fjsh  containing  sensing 
elements  for  measuring  temperature  and  pres- 
sure, and  a  recording  slide  coated  with  a  stable 
gold  alloy.  (See  figures  53  and  54.) 

The  thermal  element,  corresponding  to  the 
mercury  column  in  a  glass  thermometer,  con- 
sists of  about  45  to  50  feet  of  fine  copper  tubing 
filled  with  xylene.  The  tubing  is  wound  around 
inside  the  tail  fins  of  the  BT  and  comes  into 
direct  contact  with  the  sea  water.  As  the  xylene 
expands  or  contracts  with  the  changing  water 
temperature,  the  pressure  inside  the  tubing 
increases  or  decreases.  Thia  pressure  change 
is  transmitted  *to  a  Bourdon  tube,  a  hollow 
brass  coil  spring  which  carries  a  recording 
stylus  at  its  free  end..  The  stylus  records  the 
movements  of  the  Bourdon,  aa  it  expands  or 
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Figure  55.-r  The  BT  and  its  parts. 

contracts  with  changing  temperatures,  on  a  coated 
glass  slide.  The  slide  is  *held  rigidly  on  the 
end  of  a  coll  spring  enclosed  in  a  copper  bel- 
lows (sylphon  'cell).  For  a  view  of  the  bellows 
and  a  further  breakdown  of  construction,  refer 
to  figure  55. 

Water  pressure,  which  increases  in  pro- 
portion Ho  depth,  compresses  the  sylphoi^as  the 
BT  sinks.  This  depression  of  the  sylphon  pulls 
the  slide  toward  the  nose  of, the  BT  at  right 
angles  to  the  direction  in  which  the  stylus  moves 
to  record  a  combined  record  of  temperature 
versus  depth  (pressure).  The  maximum  depth 
range  of  a  BT  varies  and  is  stamped  on  the  nose 
of  the  BT. 

Since  external  pressure  slightly  affects  the 
internal  pressure  of  the  xylene  in  the  Bourdon 
and  since  temperature  changes  also  influence 
the  movement  of  the  sylphon,  each  instrument 
must"  be  carefully  calibrated  by  the  manufac- 
turer. 

A  temperature  of  105°  F  will  bring  the 
recording  stylus  up  against  a  stop  pin;  if  this 
temperature  is  exceeded,  permanent  deforma- 
tion of  the  brass  coil  of  the  Bourdon  will  occur" 
and  the  calibration  ,  of  the  instrument  will  be 
ruined.    Ftfr  this  reason  always  keep  the  BT 
out  of  the  sun  and  away  from  the  vicinity  of 
firerooms,   steampipes,   and  other'  sources  of 
heat.  An  instrument  that  has  been  overheated 
may  have  the'  stylus  arm  jammed  by  the  pen 
lifter  bar  in  the  high  temperature  position.  Ift 
another  BT  is  aboard,  -use'  it  and  turn  in  the 
damaged  instrument  for  adjustment.  If  a  spare 
is  not  available,  gently  lift  the  stylus  arm  from 
the  pen  lifter  bar  and  let  it  swing  back  to  the  / 
low  temperature  side.  The  temperature  cali-/ 
bration  will  henceforth  be  in  error  as  a  result 
of  deformation  of  the  Bourdon. 
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06.—  Grid  mount  assembly  and  slide 
viewer. 

The  BT  is  an  accurate  measuring  instruT 
ment;  and  while  the  cdnstruction  is  reasonably 
rugged,  the  internal  mechanisms  are  delicate. 
Careful  handling  is  essential  to  maintain  the 
accuracy  of -the  measuring  elements. 

After  each  period  of  use,  rinse  the  BT  with 
fresh  water.  Never  store  a  BT  that  is  being  with- 
drawn from  the  water  without  thoroughly  rinsing 
it.  Rinse"  the  interior  of  the  BT  with  one-half 
cupful  of  grade  III  rust  preventive  compound 
each  week.  Place  the.BT  in  a  clean  bucket  with 
the  tail  fins  down.  Slide  the  sleeve  forward 
toward  the  nose,  pour  in  the  compound,  and 
close  the  sleeve.  Then  cover  the  four  ports  in 
the^body,  shake  the  BT  and  turn  it  over  on  its 
nose  and  back  several  times  so  that  every  part 
is  covered.  Let  the  compound  drain  out.  The 
compound  can  be  used  several  times  as  long 
as  it  is  clean.  Do  not  oil  the  BT;  fresh  water 
rinses  .after  each  use  and  rust  preventive  com- 
pound rinses  weekly  comprise  all  the  lubrication 
necessary. 

A  special  grid  is  supplied  with  each  BT  for 
converting  the  stylus  trace  to  values  of  tem- 
perature and  depth.  These  grids  are  not  inter- 
changeable between 'instruments.  It  is  the  design 
of  the  grid  that  compensates  for  the  external 
pressure  forces  acting  on  the  sylphon  and  the- 
Bourdon  tube. 

A  BT  slide  viewer  and  grid  mount  such  as 
that  shown  in  figure  56  is  used.  The  BT  slide,  as 
seen  through  the  viewer,  is  shown  in  figure  57. 
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Figure  57.—  BT  slide  as  seen  through 
'   "  •  the  viewer.  ^ 

BT  slides  are  packed  in  plastic  boxes  of 
50  each.  The  slides  have  a  very  stable  alloy 
coating*  on  orre  side;  nevertheless,  handlfe*  the^ 
slides  by  the  edges  only.  Inspect  the  slides  when 
openiftg  a  new  box,  and  report  any-defects  in 
accordance  with  current  NavShipSysCom  instruc- 
tions. • 

Slides  currently  in  use  are  of  two  typfcs:, 
smoked  glass,  which  has  been  in  use  since  the 
BT  was  designed  in  1938,  arid  staballoy,  a  glass 
slide  coated  on  one  side  with'  a  stable  gold 
alloy.  The  staballby  slides  are  now  replacing 
the  older  smoked  glass  slides;  however,  ypu  may 
t  encounter. both  types. 

When  you  remove  used  slides  from  the  BT 
after  making  an  observation,  label  them,  rinse 
them  in  fresh  water,  and  return  them  to  the 
plastic  box.  BT  slides  are  a  standard  stock 
item  in  the  electronics  system  and  are  obtained 
f  through  any  normal  supply  channel. 

Figures  58  and  59  show  how  a  slide  is  in- 
serted in  the  BT  and  how  the  slide  is  marked. 
These  procedures  will  be  covered  in  greater _ 
detail  in  the  pamphlet  covering  observational 
procedures; 

It  is  advisable  to  check  the  BT  from  time  . 
to  time  jfor.  temperature  and  depth  errors.  Most 
errors  result  from  exceeding  the  maximum 
temperature  and  depth  range  and  from  improper 
handling.  To  discover  malfunctions,  compare 
the  traces/of  two  BT's  which  have  been  lowered 
id  the  sanie  water.  Determine  temperature  errors 
by  immersing  the  thermal  elements  of  the  BT 


Figure  58.—  Inserting  The  slide. 


Figure  59*—  Marking  the  slide. 

in  a  bucket  of  water  and  measuring  the  water 
temperature  with  a  bucket  thermometer.  Deter- 
mine depth  (pressure)  errors  when  the  ship  is 
hove-to  and  lower  the  BT  with  a  zero  wire  angle. 

Use.  the  following  limits  of  error  as  a  guide 
in  determining  need  for  repair  or  recalibration: 

1.  The  temperature  of  the  BT  differs  from 
the  bucket  temperature  consistently  by  4*  *F  or 
more.  r 
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2.  The  temperature  of  the  BT  shifts  er- 
ratically from  reading  to  reading,  as  compared 
to  the  bucket  temperature  or  another  BT. 

3.  The  BT  shows  double  traces  over  the 
entire  length  of  the  trace. 

4.  .  The  BT  shows  a  depth  error  of  more 
Chan  10  fest  for  a  200-foot  instrument,  20  feet 
for  a  450-foot  instrument,  or  40  feet  for  «a 
900-foot  instrument,  ' 

5.  The  stylus  is  dull  and  consistently  pro- 
duces a  wide  trace  regardless  of  'cleaning. 

6.  The  date  of  the  last  calibration  is  more 
than  18  months  past: 


If  the  BT  exceeds  any  of  the  above  limits,  or 
fails^to  operate  satisfactorily,  turn  it  in  to 
the 1  nearest  Bathythermograph  Repair  Facility 
along,  with  all  its  accessories,  including  grids 
and  grid  mount  assembly;  The  addresses  for  the 
existing  repair  facilities  are  as  follows: 

1.  Bathythermograph  Repair  Facility 
Boston  Ndval  Shipyard 

Boston,  Mass*  02129 

2.  Bathythermograph  Repair  Facility. 
Mare  Island  Naval  Shipyard 
Vallejo,  California  . 

3.  -  Bathythermograph  Repair  Facility 

Pearl  Harbor  Naval  Shipyard 
Navy  #128 

c/o  Fleet  Post  Office 
San  Francisco,  California 

Requests  for  BT  replacements  should  be 
*  submitted  to  NavShipSysCbm  in  accordance  with 
existing  instructions.  ^ 

Complete  descriptions  of  the  mechanical 
^  BT,  slide,  grid,  and  related  equipment,  alorig 
with  instructions  for  taking  a  BT  observation 
can  be  found  in  NAVOCEANO  Pub,  No.  606-c, 
Oceanographic  Office'  Observers  Manual  — 
Bathythermograph  Observations, 

Expendable  Bathythermograph 

Expendable  bathythermographs  have  recently 
been    evaluated   as    a    replacement   for  the 
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Figure  60,-  Launching  the  XBT. 

mechanical  bathythermograph.  This  program  has 
resulted  in  instrumentation  that  is  far  superior 
to  mechanical  bathythermographs  in  accuracy, 
utilization,  and  total  cost  per  reading. 


Shipboard  Expendable  Bathytterniograph.— 
The  Bathythermograph  Set  AN^SsQ-56,  Avhich 
is  built  by  the  SippicaQ  Corp,,  is  an  automatic 
method  for  obtaining  and  recording  ocean  temp- 
♦  erature  data  from  shipboard  while  underway 
(figure  60),  The  system,  -which  can  be  operated 
in  virtually  any  sea  state  without  changing  the 
ship's  normal  mode  of  operation,  obtains  a  com- 
plete temperature  profile  to  a  depth  of  1,500 
feet  in  90  seconds.  Temperature  readout  is  in 
*  F  and  feet,  unless  the  optional  °  C  and  meters 
chart  is  used. 

The  basic  units  of  the  system  and  their 
relationship  are  shown  in  figure  61,  The  fcnits 
are  the  probe  (the  expendable  portion  of  the 
system),  the  launcher,  and  the  recorder,  (figure 
62).  Onoe  the  probe  has,  been  manually  released 
from  the  launcher,  the,  system  automatically 
records  the  temperature  profile  to  the  maximum 
depth  rating.  Up  to  200  profiles  can  be  made  on 
a  single  roll  of  chart  paper,  ■ 

The  pr<56e  release  function  requires  an  op- 
erator to  be  stationed  at  the  launcher.  No  stand- 
by is,  required  at  the  recorder  after  check- 
out unless  communication  of  information  from 
individual  probe  drops  is  necessary, 

-  In  operation,  the  expendable  canister  is 
placed  in  th6  launcher  and  the  breach  is  closed 
(figure  63),  This  action  results  in  a*  waterproof 
electrical  connection  between  the  recorder  and 
the  probe.  To  launch  .the  probe,  pull  a  pin  which 
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Figure  61.—  System  relationship  of  units  for  AN/SSQ-56. 
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Figure  62.-  Recorder. 


KNURLED  END  OF  CANISTER 


LAUNCH  PIN  SLOT 


Figure  63.-  Loading  canister  in  breech. 

protrudes  from  the  launcher  and  holds  the  probe 
in  place.  The  probe  is  then  free  to  fall  from 
the  canister  and  down  the  launch  tube.  As  the 
probe,  which  is  wire-linked  back  io  the  launcher, 
strikes  the  water,  an  electrode  triggers  the 
recorder.  The  probe  then  descends  at  a  known 


rate.  Both  the  probe  and  the  canister  in  the 
launcher  contain  specially  wound  spools  of  wire. 
Since  .the  wire  is  spooling  from  both  ends.jf^ 
remains  stationary  jin  tin*  jv*ate^und  thv^jhj) 
-  rsrfrc^ro  pYfico&T  witFvirtually  no  restrictions 
on  spm!  or  muni-uvrrmg. 

A  thermistor  in  the  probe  measures  tem- 
perature variations  in  the  .water  to  a  depth  of 
1,500  feet,  at  which  time  the  wire  in  the  probe 
and  in  the  canister  (for  a  ship  proceeding  at 
30  knots)  is  expended  and  breaks.  The  empty 
canister  is  -left  in  the  launcher  to  protect  the 
contacts  and  js  discarded  prior  to  another  launch. 
The  resulting  strip  chart  is  used  in  the  usual 
manner.  The  tolerances  and  equipment  for  this 
system  are  listed  in  table  3. 

\  A  cost  effectiveness  study  comparing  ac- 

curacy,  utilization,  and  cost  of  mechanical 
bathythermographs  and  XBT's  was  conducted 
to  determine  whether  the  new  system  could 
effectively  replace  standard  bathythermographs. 
The  results  of  this  study  show  a  signTftfcant 
cost,  accuracy,  and  utilization  improvemenifor 
the  XBT  system.  An  important  factor  in/his 
study  was  the  cost  of  fuel  expended  in/peed 
changes  necessary  to  obtain  mechanfcafl^thy- 
thermograph  readings  during  certain  tactteal 
situations. 

Expendable  bathythermograph  systems viafe 
been  discussed  for  some  time  as  an  alternative 
to  mechanical  bathythermographs.  N<fl?  until  re- 
cently, however,  has  the  technology  been  avail- 
able to  build  such  a  system  at  a  reasonable 
cost.  The  following  three  major  factors  are 
involved: 

1.  The  determination  that  the  terminal 
velocity  of  a  probe  falling  through  water  is 
reproducible  #  enough,  under  all  .environmental 
condition^,  to  enable  the  use  of  time  as  a  meas- 
ure of  depth  in  lieu  of  a  depth  sensor.' 

2.  The  ability  of  thermistor  manufacturers 
to  produce  large  quantities  of  reproducible,  inex- 
pensive thermistors  with  fast  response  character- 
istics. 

r>  + 

§.s   The  ability  of  wire  manufacturers  tq  pro-  - 
duce  extremely   long  lengths  of  special  wire 
with  no  pinholes. 
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SYSTEM 

Temperature  range  •  •  •  28*  to  96*  F  or  -2*  to  35*  C  ' 

Temperature  accuracy   ±0. 4*  F  full  range  or  ±  0. 2'  C 

^  0  to  1500  feet  with  T-4  probe 

Depth  accuracy  ±  2%or  15  feet,  whichever  is  greater 

Deployment  cycle  time  90  sec0ndS  for  1500-foot  drop 

Shlpspeed  0  to  30  knots  -  .: 

,     Gradient  resolution  \.  .  ata  „<  „  „. 

m  °f  a  steP  change  in  temperature  in  3  feet;  95%  of  a  steo 
change  in  temperature  in  9  feet  P 
Full-scale  pen  travel   ,/f  second 

■     Operating  modes   /  (a)  Check  mode 

(b)  Launch  mode 

(c)  Measure  mode 
;                           (d)  Reload  mode 

RECORDER  ^ 
Power  supply  requirements:  J 

'       N°minaa  '  '  '  '  * ' 120  VAC  60  Hz,  1-phase,  25  watts 
Range •   107  -  127  VAC  57  -  63  Hz 

+~  -    .    -  , 

Accuracy  ±0.2°  F 

Chart  (available  in  *C  and* 

meters  or  ?F  and  feet)   200  probe  drops  per  chart 


EQUIPMENT 


Wooden  container 


Launcher  (with  100  ft.  cable) 


Wooden  container 
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Figure  65.—  Sequence  of  operation. 

deployed,  the  BTS  detec^  and  transmits  sea 
water  temperature  data  to  the  dispensing  air- 
craft or  another  suitable  receiving  station. 


Figure  64.—  Bathythermograph  Transmitter 
Set  AN/SSQ-36. 

The  XBT  system  in  its  .present  configura- 
tion is  being  installed  in  certain  ships  to  support 
special  programs.  General  fleet  introduction 
will  proceed  subsequent  to  the  development  and 
evaluation  of  an  appropriate  recorder  and  an 
inboard  laun'ch  capability.  Experience  gained 
from  present  installations  indicates  that  launch 
through  a  hull  opening  well  aft  and  above  the  water- 
line  may  be  the  optimum  solution. 

The  new  system  will  not  only  provide  a 
marked  improvement  tactically,  but  will  pror 
vide  more  reliable  and  easily  processed  data 
for  such  applications  as  environmental  prediction 
programs. 


Ai rborne   Expendable   BT  (AN/SSQ-36) 
Bathythermograph    Transmitter    Set  AN/SSQ- 
36'  (BTS)  is  an  expendable  unit  designed  to  be 
dropped  into  the  sea  from  an  aircraft.  When 


The  design  of  the  unit  is  such  that  all  op- 
erating adjustments  and  preparations  for  use 
are  made' at  the  time  of  manufacture.  For  this 
reason,  no  preflight  checking  or  adjustment 
is  required.  Likewise,  since  the  equipment  will 
bfe  expanded  in  operation,  neither  maintenance 
nor  service  will  be  required  in  normal  usage. 

This  system  determines  .sea  water  tempera- 
ture from  depths  of  sea  level  to  1,000  feet.  It 
transmits  this  information  to  a  recexving  air- 
craft for  recording  an  interpretation.  (See  figure 
64.) 

The  drop  limitations  from  the  aircraft  tange 
frpm  a  maximum  speed  of  150  knots  at  a  min- 
imum artitude  of  150  feet  to  a  "maximum  speed 
of  250  knots  at  500  feet. 

When  the  BTS  has  cleared  the  launching 
tube  of.  the  aircraft,  a  rotochute  (an  assembly 
of  four  autorotational  blades)  opens  to  stabilize 
and  slow  the  descent  of  -'the  BTS.  When  the 
BTS  strikes  the  water,  the  rotochute  is  jet- 
tisoned. (See  figure  65.) 

Upon  entering  the  water,  the  lower  section 
of  the  BTS  becomes  flooded,  permitting  the 
sea  water  battery-  to  activate.  Approximately 
5'  seconds  later  the  transmitter  section  of  the 
BTS  emits  a  continuous,    unmodulated,  VHF 


57 


433 


9 

ERIC 


V 


Deck  Equipment 


Underwater  Unit 


Figure-66,-  Model  9040  Salinity-Temperature-Depth 
Measuring  System,  Overall  View. 


carrier  signal.  After  transmitting  the  carrier 
for  approximately  30 -seconds,  a  timing  circuit 
releases  the  temperature  probe,  permitting  it 
to  descend  at  a  constant  rate.  Simultaneously! 
the  VHF  carrier  signal  is  modulated  by  an 
audiofrequency  signal  generated  within  the  de- 
scending probe.  This  audiofrequency  signal  varies 
directly  in  frequency  with  changes  in  the  water 
temperature  environment  of  the  descending  probe. 

The  probe  descends  "at  a  constant  rate  of  5 
feet  pet  second  until  its  terminal  depth  of  l-,000 
feet  has  been  reached.  The  receiving  aircraft  > 
records  temperature  variations  transmitted  by 
the  BTS.  Integration  of  the  known  time  rate 
of  the  probe  descent  with  water  temperature 
data  provides  accurate  recordings  of  the  sea 
waiter  temperature/depth  relationship.-  An  auto- 
matic timing  circuit  causes  transmission  to 
cease  after  approximately  6  minutes. 

The  BTS  incorporates  an  automatic  scut- 
tling device  consisting  of  a  water-soluble  plug 
in  the  outer  casing  below  the  waterline.  When 


the  plug  dissolves,  water  is  permitted  to  enter 
the  watertight  compartment,  causing  the  BTS 
to  sink.  The  floating  period  of  the  BTS  is  a 
function  of  water  temperature;  the  plug  dissolving 
more  rapidly  in  warm  water  than  cdol  water. 
In  no  case,  however,  is  the  dissolving  time  less 
than  15  minutes  nor  more  than  15  hours. 

„  A  detailed  description  of  individual  com- 
ponents is  contained  in  the  handbook  accom- 
panying the  equipment. 

Salinity-Temperature- Depth 
Measuring  System 

The  Salinity- Temperature- Depth  (STD)Meas- 
uring  System  currently  used  in  the  Coast  Guard 
is  .the  Model  9040  system  that  replaces  the  Model 
9006  system.  The  STD  is  manufactured  by  the 
Bissett-Berman  Corporation  and  consists  of  a 
compact,  rugged,  underwater  unit  and  a  cabinet 
containing  surface  deck  terminal  equipment 
(figure  66).  The  underwater  unit  is  equipped 
with  precision  transducers  which  sense  salinity, 
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temperature,  and  depth  data.  Solid-state  elec- ' 
tronics  in  the  underwater  unit  convert  the  sensed 
parameters  into  a  composite  FM  data  signal 
which  is  transmitted  through  a  sea  cable  to  the 
surface  deck  termmal  equipment  for  processing 
and  recording.  The  deck  terminal  equipment 
separates  individual  data  signals'Trom  the  FM 
composite  signal  and  records  salinity  and  tem- 
perature data  as  a  function  of  dfepth  on  pressure- 
sensitive  paper  in  the  plotter. 


Functional  Description.—  Figure  67  is  a  block 
diagram  of  the  Model  9040  STD  system.  The 
system  consists  of  the  underwater  unit  connected 
via  a  winch  system  to  the  surface  deck  terminal 
equipment,  T)ie  winch  system  consists  of  the 
sea  cable,  slip  rings,  and  connecting  cable. 
External  115  VAC  line  power  is  converted  in  the 
deck  equipment  to  regulated  28  VDC  for  the 
signal  converter  electronics  and  to  150  ma 
constant  current  for  the  underwater  unit.  With 
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power  applied,  the  STD  equipment  automatically 
measures  and  records  the  sensed  variables  of 
seawater  properties. 

The  underwater  unit  consists  of  the  sal- 
inity, temperature,  and  depth  sensors;  a  Bis- 
sett-Berman  PARALOC  oscillator  (which  is  an 
integral  part,  of  each  sensor);,  and  a-  mixer 
circuit*  The  salinity,  temperature,  and  depth 
transducers  and  their  associated  solid- state  elec- 
tronics are  located  in  the  sensor  package  section 
of  the  underwater  unit.  The  Paraloc  circuits, 
the  salinity  system  balance  amplifier,  and  the 
mixer-  are  located  in  the  FM  electronics  section 
of  the  underwater  unit. 

Seawater  .salinity  is  determined  in  situ  by 
sensing  conductivity,  temperature,  and  pressure. 
Conductivity  is  measured  by  sensing  the  con- 
ductivity of  dissolved  solids  in  the  seawater  which 
provide  an  inductive  loof  that  couples  two  trans- 
formers in  the  conductivity  head.  Seawater  con- 
ductivity is  a  complex  function  of  temperature, 
pressure,  fcnd.  salinity;  and  in  the  Model  9040 
system,  automatic  compensation  is  continuously 
applied  for  the  effect  of  temperature  and  pres- 
sure changes,  as  well  ac  for  a  temperature 
effect  on  depth.  These  compensations  provide 
an  output  which  is  a  direct  function  of  salinity  alone 
and  which  is  directed  to  a  Paraloc  that  gen- 
erates an  FM  signal  which  is  an  analog  of 
the  measured  salinity. 

The  Paraloc  is  an  AC  voltage-to-frequency 
converter  which  operates  within  a  fixed  FM  band- 
width that  is-  established  for  each  measured 
parameter.  Output  signal  changes  from  the  Para- 
loc are  directly  proportional  to  Input  voltage 
variations.  The  result,  then,  of  a  change  in 
seawater.  salinity  is  an  FM  signal,  the  fre- 
quency of  which  increases  with  increasing  sal- 
inity and  decreases  with. 'decreasing  'salinity. 
This  signal  is  applied  to  the  mixer. 

The  temperature  transducer  is  a  platinum- 
resistance  thermometer  which  forms  one  leg 
of  a  bridge.  It  is  completely  protected  from  strain 
caused  by  ambient  pressure  and,  even  at  great 
depths,  maintains  a  short  response  time.  Var- 
iation's in  temperature  change  tfre  resistance  of 
the  platinum  conductor  and,  consequently,  change 
th>e  yoltage  dropped  across  it.  This  voltage  is 
'applied  to  a  Paraloc  circuit,  which  generates 
an  FM  signal  analogous  to  the  voltage  differ- 
ential created. by  changes  in  temperature.  This 
signal  is  transmitted  to  the  mixer. 


.  The  depth  system  incorporates  a  pressure 
transducer  containing  a  strain-gage  bridge  which 
is  in  balance  at  zero  psi  and  becomes  increas- 
ingly unbalanced  as  pressure  increases.  Re- 
sistance changes  in  the  bridge  circuit  are  con- 
verted to  a  frequency  analog  in  the  Paraloc 
and  areJtransmittedio  the  mixer. 

<  »■»■> 

The  underwater  signal  mixer  receives  and 
regulates  power  from  the  deck  terminal  equip- 
,  ment  and  transmits  it  to  the  sensors.  It  also 
multiplexes  and  amplifies  FM  signals  frorirthe 
Paralocs  and  transmits  them  up  the  sea  cable 
to  the  deck  terminal  equipment.  Multiplexing 
all  data  into  an  FM  composite  signal  permits 
continuous  and  simultaneous,  transmission  of 
all  sensor  data  to  the  deck  unit  in  a  single 
conductor  sea  cable. 

The  mixer  receives  150  -ma  constant  cur- 
rent from  the  deck  power  supply  and  converts 
it  to  regulated  voltage.  Constant  current  instead 
of  constant  voltage  is  supplied  from  the  deck, 
because  variations  in  cable  impedance  would 
cause  variations  in  line  drops,  with  subsequent 
variations  in  the  voltage  supplied  to  the  sensor 
systems.  The  current  remains  constant  and 
does  not  change  due  to  cable  dropi  The  incoming 
constant  current  is  regulated  to  6  VDCand28  VDC 
in  the  mixer  and  is  supplied  to  the  sensor  and 
Paraloc  circuits. 

The  signal  converter  unit  contains  the  power 
supply,  the  distribution  ampjifier,  and  a  dis- 
criminator for  each  sensor.  These  components 
are  all  plug-in  circuit  board  modules.  A  band- 
pass filter  at  the  input  of  each  discriminator 
accepts  a  specific  -sensor  signal  and  rejects 
the  others  Ui  the  FM  composite  signal.  Separate 
salinity,  temperature,  and  depth  front  panel- 
range-selection  controls  provide  for  expanded 
range  switching  of,  e&ch  sensor  data  channel  to 
allow  the  extreme* 'accuracy  of  each  signal  to  be 
displayed  within  the  resolution  of  the  recorder. 

The  front  panel  of  the  signal  converter  unit 
also  contains  a  POWER  ON  switch  for  applying 
power  to  the  STD  system  and' a  TEST/OPERATE 
switch  for  selecting  operating  mode  of  the  signal 
converter  unit.  In  OPERATE  mode,  the  switch 
connects  the  input  of  the  distribution  amplifier 
to  the  sea  cable  and  the  output  to  the  TEST  jack 
for  monitoring  the  composite  data  signal  during 
normal  operation.  In  TEST  position  the  dis- 
tribution amplifier  receives  its  input  from  the 
TEST   jack   rather   than   from  the  sensors,- 


permitting  insertion  of  signals  from  an  oscil- 
lator for  rdutine  maintenance  checks. 

The  power  supply  circuit  is*,  functionally 
divided  into  a  constant  voltage  supply  and  a 
constant  current  supply.  The  constant  voltage 
ection  provides  regulated  +28  VDC  to  the  signal 
converter  electronics  regardless  of  load  var- 
iations. The  constant  current  section  provides 
regulated  150  ma  current  to  the  underwater 
unit  as  long  as  line  impedance  does  ngt  exceed 
250  ohms.  The  power  supply  is  energized  by 
means  of  the  POWER  ON  switch  located  on  the 
front  panel  of  the  signaL  converter. 

Amplification  of  the  FM  signal  from  the 
^underwater  units  is  accomplished  in  the  dis- 
tribution amplifier,  which  provides  a  low  imped- 
ance output  to  drive  the  discriminators.  This 
unit  also  separates  data  signals  from  the  DC 
power  which  enters  the  .distribution  amplifier 
from  the  power  supply.  The  distribution  amplifier 
accommodates  the  composite  input,  amplifies  the 
signal,  and  provides  three  output  connections 
to  the  salinity,  temperature,  and  depth  filters 
leading  to  the  discriminators.  A  fourth  am- 
plifier output  is  available  for  future  installation 
-  of  a  fourth  sensor  channel,  such  as  sound  vel- 
ocity. 

Tha4>andpass  filters  assigned  to  each  dis- 
criminator are  used  for  separating  the>  sensor 
signal  from  the  amplifier  FM  composite  signal. 

A  separate  discriminator  plug-in  card  is  pro- 
vided for  each  parameter.  All  discriminator  cards 

/£re  identical  and  may  be  interchanged.  In  the 
discriminator,  the  accepted  data  signal  is  am- 
plified in  a  preamplifier  circuit  and  is  then 
applied  to  a  Schmitt  triggfer  to  produce  a  square- 
wave  output  whose  frequency  is  same  as 
the  sensor  input.  This  square  wave  lights  the 
front  panel  lamp  over  the  range  switch  and  is 
also  supplied  to  one  of  the  front  panel  test 
jacks  for  monitoring  or  for  recording  by  external 
d^Tcesr^Tie^himi)  provides  an  indication ^thai  the 
sensor^  is  functioning  within  its  band  and  that  its 

*  signal  is  being  received  at  the  deck  unit. 

The  square-wave  output  is  further  shaped  in 
the  discriminator  and  then  applied,  to  the.fre- 
quency-to-DC  converter,  which  produces  a  0-10 
mv  output.  This  voltage  is  furnished  to  the  plotter 

*  inputs  to  provide  a  record  of  salinity,  temperature, 
'and  depth.  ' 


SALINITY  Switch 
Position 

1 

2 

•A 

5 
6 
7 


lab!*  4.—  Kange  of  Salnuty. 

Range  Selected 

:U).0  ppt  to  32.0  ppt 
31.5  ppt  to  33.5  ppt 
33.0  ppt  to  35.0  ppt 
34.5  ppt  to  36.5  ppt 
'  36.0  ppt  to  38.0  ppt 
37.5  ppt  tp  39.5  ppt 
.    30.0  ppt  to  40.0  ppt 


The  salinity  range  switch  on  the  front  panel 
provides  a  0-10  mv  DC  input  to  the  plotter 
for  any  of  the  selected  salinity  ranges.  There 
are  seven  ranges  for  the  full  range  of  30-40  ppt, 
or  expanded  segments  of  the  full  range,  as  shown 
in  table  4. 

The  temperature  range  switch  provides  a 
0-10  mv  DC  input  to  the  plotter  for  any  of  the 
selected  temperature  ranges.  There  are  eleven 
ranges  available  for  the  full  range  of  -2°  C  to 
+  36°  C,  or  expanded  segments  of  the  full 
range,  as  shown  in  table  5.  It  should  be  noted 
here  that  switch  positions  10  'and  11  indicate 
temperatures  above  +  36°  C  and  that  position 
11  indicates  a  temperature  below  -2°  C.  These 
last  two  scales  are  marked  as  indicated  for 
readability  purposes  only  and  do  not  reflect  an 
accuracy  beyond  that  of  -2°  C  to  +36°  C, 

The  depth  range  switch  provides  a  0-10  mv 
DC  input  to  the  plotter  for  any  of  the  selected 
depth  ranges.  There  are  three  ranges  available 
for  the  full  range  of  0-3000  meters,  or  expanded 

Table  5;—  Range  of  Temperature. 
TEMPERATURE 
Switch  Position 


1 
2 
'3 
4 
5 
6 
7 
8 
9 
10 
11 


Range  Selected 

-  2dC  to  +  3°C 
+  2#C  to  +  7°C. 
+  6|0C  to  +11°C 
+10°C  to  +15°C 
+14#C  to  +19°C 
+18#C  to  +23°C 
+22°C  to  +27°C 
+26#C  to  +31°C 
+30°C  to  +35°C 
*+34°C  to  +39°C 
*-10#C  to  +40°C 


^System  accuracy  is  guaranteed  only  from  -2'C 
to  +36°C.  Ranges  are  marked  as  indicated  for 
readability  purposes  only. 


Figure  68.*-  Plotter  Simplified. Functional  Diagram. 


/  segments^of  the  full  range.  These  range's  are 
0-750  met^^J^SOO  meters,. and  0-3000  meters 
in  swijch/positions  1,  \  a^  3,  respectively. 

The  discriminators  drive  a  two-stylus  strip 
chart  plotter,  which  Is  equipped  with  three  servo- 
amplifiers  drive  styli  (commoifly  referred  to  as 
"pens")  to  record  salinity  and  temperature. 
The  difference  between  styli  and  pens  is  that 
pens  leave  a  trace  wi,th  ink,  whereas  in  this 
case,  the  trace  is  caused  by  the  pressure  of 

-  the  stylus'  oa  pressure-sensitive  chart  paper. 
The  third  servo-amplifier  controls  the  chart 
drive  mechanism,  which  moves  the  chart  as  a 
function  of  depth,  the  frontpanel  of  the  plotter 
is-  equipped  with  a  LINE  switoh  that  applies  or 
Removes'  power  to  the  plotterlS^The  individual 
solid-state  servo-amplifiers  each  ebntain  a  power 
ON/OFF  switch,  damping  controls\and  a  gain 

A  (sensitivity)  control  with  coarse  and  fiS^  adjust- 

*  ments. 

The  basic  operating  principles  of  the  plotter 
are  illustrated  in  figure  68.  (Note  that  only 
one  X  function  is  shown;  there  are  actually 


two  X -functions,  but  both  are  identical  so  far  as 
plptter  operation  is  concerned.)  Because  all 
three  systems  operate  at  the  same  time  tand  in 
the  same  manner,  the  following  'description  of  one 
of  the  null-balancing,  systems  applies  equally 
to  the  other  two. 

The  essential  parts  of  each  null-balancing 
system  are:  (1)  the  null  balancing  measuring 
circuit,  (2)  the  null-detector  amplifier,  (3)  the 
balancing  motor  and  linkage,  and  (4)  the  display 
system,  that  is,  theplottingandindicatin^devices. 
The  measuring  circuit  consists  of  an  adjustable 
calibrated  electromotive  force  (EMF)  which  Is 
connected  in  opposition  to  the  EMF  beiqg  meas-< 
ured.  If  these  two.*EMF»s.  are  not- equal,  an* 
"error"  or  unbalance  current  flows  and  is  detect- 
ed by  the'amplifier's  input  circuit,  The  calibrated  ■ 
EMF  is  obtained  from  a  measuring  slidewire* 
whose  movable  contact  is  positioned  by  the 
•  balancing  rftotor  until  the  calibrated  EMF  is  equal 
to  the  EMF  being  measured. 

,  Any  error,  that  is,  any  difference  between 
the  EMF  being^easured  and  the  calibrated  EMF, 
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is  converted  to  VAC  by  means  of  a  synchronous 
-chopper  and  is  then  amplified  by  means  of  the 
amplifier.  After  amplification,  the  error  signal 
is  applied  to  the  control  winding  of  the  re-, 
versible  balancing  motor,  which  then  works 
through  the  mechanical  linkage  to  adjust  the  cal- 
ibrated EMF.  The  current  in  the  driving  coil  oP 
the  synchronous  converter  is  so.  phased  that 
the  amplified  signal  on  the  coitrol  winding  is 
substantially  i n  quadrature  with  the'voltage  applied 
to  the  line  finding  of  the  balancing  motor.  Thus, 
maximum  motor  torque   is  obtained  for  any 
unbalance  in  the  measunng*circuit. 

The  system  is  sensitive  to  the  direction* 
of  error  current  so  that  the  motor  always  ad- 
justs the  calibrated  EMF  in  the  proper  direction 
to  reduce  the  magnitude  of  the  error  current. 
The  motor  continues  to  drive  until  the  error 
current  is  so  small  that  the  amplified  signal 
will  .no  longer  produce  motor  rotation.  Am- 
plification is  such  that  this  occurs  when  the 
error  current  is  substantially  zero  and  the 
calibrated  EMF  differs  by  only  a  negligible  amount 
from  the  EMF  being  measured.  A  null  or  balance 
condition  then  exists. 


'While  adjusting  the  calibrating  EMF,  the 
motor  also  drives  the  display  system.  There- 
fore, the  pointer  and  stylus  -position  of  either 
X  function  or  the  pointer  position  of  the  Y 
function  directly  indicates  the  calibrated  EMF 
and  hence ^ the  EM7  being  measured.  The  in- 
dicator scale  of  each  function- is  marked  in  terms 
of  the  variable  producing  the  measured  EMF^ 

The  X,  stylus  plots  the  salinity  trace;  the 
Xz  stylus  plots  the  temperature  trace;  Both 
styli  move  from  right  to  left  and  move  full 
scale  on  the  chart  paper.  Thus,  the  extreme  right- 
hand  stylus  position  corresponds  to  a  zero- 
millivolt  input  from  the  discriminators,  and  the 
extreme  left-hand  position  corresponds  to  the 
10-millivolt  input  from  the  discriminators... 


*•  The  chart  drive  moves  the  chart  down  on 
increasing  voltage  input.  Thus,  with  the  bottom 
of  the  dhart  at  the  bottom  of  thwart  table, 
the  input  from  the  discrinninatorsis  maximum 
(10  millivolts)  and  with  the  bottom  of  the  chart 
at  the  top,  the  input  is  zero  millivolts. 

Physical  Description.^-  The  underwaterunit, 
figur?  66,  is  a  pressure  housing  that  is  con- 
structed to  withstand  environmental  effects  of 


the  ocean.  The  housing  contains  the  sensor 
electronics.  Redundant  pressure,  seal  design, 
where  at  least  two  independent  sealing  mech- 
anisms •  are  used  on  each  penetration  of  the 
housfng,  eliminates  the  possibility  of  flooding. 
The.  underwater  unit  design  enables  up  and  down 
casts  to  be  recorded  with  essentially  the  same 
accuracy. 

Major  components  of  the  underwater  unit 
are  the  FM  and  sensor  electronics,  package 
and  the  sensing  elements,  .A  removable  end 
cap  permits  access  to  the  plug-in  electronics 
package.  The  sea  cable  electrical  connector  is 
mounted  on  the  end  cap.  An* eye  in  the  end  term- 
ination permits  lifting  the  underwater  unit.  The 
seawater  sensing  elements  *  are  protected  by 
a  metal  guard  ring  encircling  the  sensor  bulk- 
head. 

> 

7The  end  cap  is  secured  by  six  socket-head 
cap  screw?  and  is  removable  for  gaining  access 
to  the  electronics,  A  water  tight  connector  on 
the  en^cap  provides  the  electrical  connection- 
for  sensor  power  and  for  data  signals  between 
the  underwater  unit  and  the  single  conductor 
sea  cable. 

/ 

The  upper  electronics  (figure  69)-Tfontaihs 
the  FM  electronics  package,  which  is  com- 
prised* of  six  circular  plug-in  circuit  cards. 
The  six  circuit  cards,  in  descending  order  are: 
mixer,  depth  Paraloc,  temperature  Paraloc,  qp- 
£X&|jSealf,  amplifier,  salinity  Paraloc,  and  bal- 
ance amplifier,  ^ 

'  The  lower  electronics  (figure  69)  contains 
circular  plug-in  cards  consisting  of:  salinity, 
second  order  temperature  Compensation,  and 
temperature-depth  circuits.  The  temperature,  . 
pressure,  and  salinity  bridge  compensation  cir- 
cuits are  also  mounted  on  these  cards. 

All  seawater  sensing  elements  are  mounted, 
at  the  lower  end  of  the  housing  and  are  sealed 
with  redundant  pressure  seals  to  ensure  max- 
imum protection  against  flooding;  The  sensing  . 
elements  consist  of  a  conductivity  sensor,  two 
platinum-resistance  thermpmeters,  two  therm- 
istor probes,  and  two  sirain-gage  pressure  trans- 
ducers. The  sensors  are  identified  in  figure  70, 

The  deck  terminal  equipment  (figure  71)  is 
housed  in  a  metal  cabinet  with  top  and  rear  access  ^ 
doors.  The  cabinet  is  designed  for  bolt  mounting 
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figure*  69,—  Underwater  fnit  Klectronics  and  Adjustments. 
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Figure  70.—  Underwater  Components. 
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Figure  71.-  Deck  Terminal  Equipment. 
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Table  6.-  inspection  Requirements. 


COMPONENT 
Deck  terminal  equipment 


INSPECT  FOR 

Loose  or  missing  hardware;  accu- 
mulated dirt;  dents 


CORRECTIVE  ACTION 

Clean,'  repair,  or  replace 
component 


Cabling  and  wiring 


Breaks,  shorts,  grounded  leads; 
faulty  Insulation  or  terminals; 
Improper  crlamplng  or  support- 
inadequate  lacing  or  tying; 
excessive  slack  ortension 


Repair  or  replace  damaged 
wire 


Electrical  connectors 


Corroded  or  bent  contacts;  bent 
pins;  dirt  or  oil  on  contacts 


Cflean,  repair,  or  replace 


Resistors,  fixed  and 
variable 


Swelling,  charring,  and  discol- 
oratlons;  loose  pigtails;  cracked 
or  loose  solder  joints 


Determine  cause  and  replace 
as  necessary 


Capacitors 


Printed  circuit  boards 


Leakage;  loose  pigtails;  cracked 
or  loose  solder  Joints 


Broken  or  loose  eyelets;  melted 
plastic;  cracks 


Determine  cause  and  replace 
as  necessary 


Reoalr  or  replace  as  necessary 


Semiconductor  devices 


Broken  or  loose  leads 


Replace  as  necessary;  use 
heat  sink  on  connections 
when  soldering 


Transformers 


Overheating;  leaking;  broken  or 
loose  wire  connections 


Repair  or  replace  as  necessary 


Surface  and  underwater 
units 


Dirt  and  fouling;  loose  or  miss- 
ing hardware 


Clean  and  repair  components 
as  required 


Temperature  probes 


Cleanliness 


If  very  dirty,  clean  as  de- 
scribed m'text. 


Conductivity  head 


Sensor  electrical 
connectors 


Cleanliness;  cracks  in  plastic 
jacket 


If  very  dirty,  clean  as  de- 
scribed m  text. 
If  cracked  jacket,  replace 
head. 


Cracks;  bent  pins;  cleanliness 


Repair,  replace,  or  clean 
as  required.   Lubricate  with 
lubrioiate  prior  to  connecting 


Plotter  gears,  rails 


Wear  and  dirt 


Noisy  operation 


Clean  cirty  oearlng  surfaces 
with  a  lint-free  cloth  dam- 
pened in  trichjorethylene 


Relubncate  il  parts  are  dry 


Plotter  slldewtre 


Dirt 


Clean  as  directed  In  text. 
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on  a  table  or  other  suitable  surface  and  is 
provided  with  lifting  lugs  at  the  top.  The  cabinet 
is  vented  to  allow  cooling  air  circulation  for 
the  signal  converter  unit  and  plotter, 

'  *  ' 

The  signal  converter  unit  is  contained  in  a 
rack  mount  enclosure  constructed  from  anodized 
aluminum.  The  front  panel  has  a  POWER  ON 
'  pushbutton  switch,  a  TEST/OPERATE  pushbutton 
sf^k'  -lQcl  separate  rotary  switches  for  salinity, 
temperature,  and  depth  range  selection,  with 
indicator  lamps  mounted  above  each  range  switch. 
The  front  panel  also  contains  four  standard  wea- 
therproof, bayonet-type  connectors,  commonly 
referred  to  as  BKC  connectors,  for  monitoring 
the  FM  composite  sensor  signal  or  the  separate 
sensor  frequencies.  The  interior  of  the  en- 
closure contains  a  power  fuse  and  plug- in  circuit 
cards  consisting  of  the  power  supply,  the  dis- 
tribution amplifier,  and  three  linear- frequency 
discriminator  cards  (  salinity,  temperature,  and 
depth).  Terminal  strips  at  the  rear  panel  provide 
connections  for  £he  sea  cable  and  plotter.  Access 
to  the  cabinet  is  gained  through  a  hinged  top 
panel  or  a  removable  back  panel. 

Operation.—  The  theory  of  operation  given 
in  the  following  paragraphs  traces  the  power 
from  the  deck  terminal  equipment  to  the  under- 
water unit  back  to  the  recorder  of  .the  deck 
terminal  equipment. 

The  deck  terminal  equipment  that  provides 
power  to  the  system  and  processes  data  signals 
from  the  underwater  unit  is  comprised  of  a 
signal  converter  and  a  strip-chart  recorder 
,  (plotter)  enclosed  in  a  cabinet.  The  signal  con- 
verter (figure  67)  is  energized  when  115- VAC, 
•  60- Hz,  single- phase  power  is  applied  through 
the  POWER  ON  switch  to  the  power  supply 
module.  The  power  supply  module  furnishes 
150-ma  constant  current  through  interconnecting 
cabling  to  the  underwater  unit  and  +28  VDC 
to  the  distribution  amplifier  module  and  the  dis- 
criminator modules  in  the  signal  converter.. The 
deck  signal  converter  has  front  panel  range 
switches  for  changing  the  plotter  measuring  cir- 
cuits from  range  to  range  as  the  salinity,  tem- 
perature, and  depth  vary  during  the  cast. 

The  150-ma  current  turns  on  the  mixer 
and  Paralocs  in  the  FM  electronics,  providing 
excitation  to  the  salinity,  temperature,  and  depth 
sensing  circuits  located  in  the  underwater  unit. 
The  salinity,  temperature,  and,  depth  data  is 


then  supplied  to  the  Paralocs,  which  provide 
output  frequencies  that  vary  in  proportion  to 
the  sensed  data.  The  Paraloc  frequencies  con- 
taining the  sensor  data  are  multiplexed  in  the 
mixer  and  supplied  to  the  sea  cable. 

The  FM  composite  signal  is  transmitted 
up  the  sea  cable  and  is  received  by  the  deck 
signal  converter,  where  it  is  amplified  by  the 
distribution  amplifier  and  applied  to  individual 
bandpass  filters  assigned  to  each  discriminator. 
The  filters  separate  the  sahnit},  temperature, 
and  depth  frequencies  from  the  FM  composite 
signal  and  apply  the  separate  frequencies  to 
their  respective  discriminators.  In  each  dis- 
criminator, the  sensor  frequency  is  amplified 
by  a  preamplifier  circuit  and  is  applied  to  a 
Schmitt  trigger,  the  varying-frequency  square- 
wave  output  of  which  is  fed  to  a  lamp  driver 
circuit,  to  the  front  panel  frequency  output  jacks, 
and  to  .  a  flip-flop  (multivibrator).  The  lamp 
driver  amplifies  the  signal  to  illuminate  an 
associated  front  panel  lamp. 

The  flip-flop  further  shapes  the  Schmitt 
trigger  square  wave  and  applies  a  symmetrical 
square  wave  at  half  the  input  frequency  to  a 
power  amplifier  driving  the  frequency- to- DC 
converter.  Output  of  the  frequency- to- DC  con- 
verter is  a  DC  level  proportional  to  the  measured 
salinity,  temperature,  or  depth  parameter.  Re- 
sistors on  the  range  switches  scale  this  output 
in  0-10  mv  increments  to  drive  the  plotter 
XJ[,  X0,  and  Y  input  circuits.  Data  is  recorded 
on  pressure-sensitive  chart  paper. 

Maintenance,—  Preventive  maintenance  of  the 
equipment  consists  of  routine  inspection,  cleaning, 
and  lubrication  to  ensure  that  the  equipment  is 
maintained  at  optimum  operating  efficiency. 

Inspect  the  system  for  evidence  of  damage, 
wear  such  as  deterioration,  and  scratched  or 
corroded  surfaces.  It  is  especially  important 
to  check  buildup  of  sea  organisms  (fouling)  on 
the  conductivity  sensor  of  the  underwater  unit. 
Keep  this  sensor  clean  to  prevent  loss  of  ac- 
curacy. The  inspection  period  should  be  estab- 
lished as  a  function  of  the  system's  operating 
time.  If  operation  is  nearly  continuous,  inspect- 
iohs  should  be  more  regular  than  if  the  STD  * 
is  used  only  occasionally.  For  normal  operation, 
when  the  equipment  is  used  at  irregular  inter- 
vals each  week,  perform  the  inspection  pro- 
cedures in  table  6  on  a  weekly  basis. 
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Table  7.-  Cleaning  Materials  and  Lubricants 


FUNCTION 

,  General  Cleaning 
Cleaning  Temp'erature-  Sensor  Probe 
Cleaning  Salinity,  Sensor  Head  • 
Cleaning  Plotter  Slidewire 
General  Plotter  Lubrication 


Lubricating  Underwater  Connector 
O-Ring  Lubricant 


Clean  the  underwater  equipment' and  deck 
terminal  equipment  as  instructed  in  the  follow- 
ing paragraphs.  Table  7  contains  a  list  of  clean- 
ing materials. 

Rinse  the  underwater  equipment  with  fresh 
water  after  each  immersion.  It  is  especially 
important  to  maintain  the  sensor  probes  and 
conductivity  head  free  from  excessive  fouling 
caused  by  seawater  and  organic  material, 

Cleanthe  sensor  head  hole  only  when  visual 
inspection  indicates  that  it  is  very  dirty.  Use 
any  commercial  household  detergent  and  a  bottle 
brush: 

When  a  visual  inspection  indicates  that  a 
temperature  probe  is  very  dirty,  clean  it  by 
filling  a  suitable  container  with  0,3  normal 
hydrochloric  acid, '  placing  the  underwater  unit 
in  a  position  with  the  probe  pointing  down,  and 
soaking  the  probe  until  the  deposits  are  loosened. 
Then,  brush  the  probe  with  soft  brush  or  cloth 
and  rinse  it  with  fresh  water. 

Qlean  the  connectors  and  coat  them  intern- 
ally with  silicone  grease  in  order  to  exclude 
seawater  and  make  it  easier  to  install  and  re- 
move connectors.  • 

The  deck  enclosure  and  modules  are  fabri- 
cated from  aluminum  alloy  and  are  protected  by 
a  clean  anodized  finish.  If,  after  prolonged  use 
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MATERIALS 

Commercial  Household  Detergent 
0.  3  Normal  Hydrpchlof  icAcid 
Bottle  Brush 

Benzine  or  Trichlorethylene 

Leeds  &  Northrup  Recorder  Oil 
(medium  weight,  nondetergent) 
or  equivalent 

Silicone  grease 

Silicone  greas'e  or  Barum  grease 
(Parker  O-Lube  or  equivalent) 


and  exposure,  the  finish  becomes  scratched,  you 
can  retouch  it  with  commercially  available  brush- 
on  chemical  films  such  ascleaniriditeoralodine. 
Wipe  clean  the  finish  with  lint-free  dry  cloth 
as  needed. 


Keep  the  interior  of  the  plotter  eabinet 
and  the  amplifiers  dust-free  by  periodic  vacuum 
cleaning.  Wipe  up  spilled  lubricants  with  a  lint- 
free  cloth.  Clean  the*  slidewire  only  when  op- 
eration of  the  plotter  is  impaired  by  dirt  on 
the  slidewire.  Periodic  cleaning  as  a  preventive 
maintenance  procedure  is  neither  required  nor 
recommended  as  long  as  the  plotter  is  operating 
satisfactorily.  If  cleaning  is  required,  remove 
the  slidewire  cover  by  twistingthe  cover  counter- 
clockwise. Clean  the  slidewire  with  a  clean 
lint- free  cloth  dampened  in  trichlorethylene. 


The  plotter  requires  periodic  lubncation 
at  the  points  ,  shown  'in  figure  72,  Most  points 
are  lubricated  with  an  oil  can,  but  the  pen  slide 
bars  are  lubricated  by  a  light  wiping  with  an 
oily  cloth.  The  gears  are  lubricated  using  a 
No,  3  or  4  artist's  brush  dampened  with  oil, 
A  medium  weight  nondetergent  oil  is  recommended 
for  lubricating  the  plotter,  Exercise  caution  to 
ensure  that  the  slidewires  are  NOT  oiled.  Wipe 
clean  all  points  to  be  oiled  before  you  lubricate 
them,  and  wipe  up  all  excess  lubricant  with 
a  clean  lint-free  cloth. 
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Figure  73.—  Underwater  Unit  Disassembly  Procedure. 


If  the  underwater  unit  has  leaked  and  sea- 
water  has  reached  the  interior  of  the  housing, 
.clean  the  equipment  immediately.  If  leakage 
amounts  to  only  a  few  drops,  wipe  off  the 
moisture.  However,  if  any  degree ^of  flooding 
has  occurred,  rinse  all  components  that  have 
been  in  contact  with  seawater  immediately  with 
distilled  or  fresh  water  followed  by  an  alcohol 
rinse.  The  following  is  the  recommended  pro- 
cedure for  emergency  cleaning  and  drying  of 
a  flooded  underwater  unit: 

1.  Remove  the  housing  from  the  base. 
(See, figure  73.) 

2.  Rinse  all  components  and  the  interior 
of  the  housing  and  base  with  distilled  water 


or  fresh  water  to  dissolve  and  carry  away 
salt'  departs.  Drain  off  the  water  and  rinse 
in  alcohol  to  absorb  any  remainingmoisture. 

3.  Remove  three  screws  that  secure  the 
card  cage  to  the  base  and  carefully  bend 
the  cage  away  from  the  base.  Exercise  cau- 
tion to  prevent  straining  the  electrical  leads 
from  the  sensors. 

4.  After  thoroughly  rinsing  the  cavity  in  the 
base  with  water  and  alcohol,  disconnect 
electrical  connectors  to  the  depth  trans- 
ducers and  carefully  rinse  the  pins  and 
mating  holes  in  the  female  connector,  with 
water  and  alcohol.  ~ 
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FINE  GAIN  ADJUSTMENT 

COARSE  GAIN  ADJUSTMENT 
/.DAMPING  ADJUSTMENT 


(COVER  REMOVED) 


RANGE  ADJUSTMENT 


Figure  74.—  Plotter  Amplifier  Adjustments. 


5.  Dry  all  components  thoroughly.  An  oven 
set  at  a  MAXIMUM  of  50°  C  may  be  used 
to  hasten  the  drying  operation. 

6„  After  the  instrument  is  dry,  test  it  func- 
tionally to  determine  if  damage  has  been  in- 
curred If  damage  ha3  been  incurred,  replace 
or  repair  the  damaged  parts  as  req&red. 

7.  "Examine  the  housing,  base,  and  end  cap 
for  damage  such  as  cracks  and  fractures.  Re- 
place these  parts  if  they  are  damaged.  Exam- 
ine the  "O"  rings  and  seats.  Replace  any 
faulty  O- rings  and  refinish  any  damaged 
seats. 


8.  After  determining  the  cause  of  leakage 
and  taking  remedial  action,  reassemble  the 
underwater  unit. 

Figures  74  and  75  are  presented  here  to 
indicate  the  location  of  some  of  the  internal 
mechanisms  and  adjustments  that  can  be  per- 
formed on  the  9040  STD  terminal  equipment. 


BOTTOM  SAMPLERS 

While  the  use  of  bottom  samplers  is  limited 
in  the  Coast  Guard  to  special  projects,  a  Marine 
Science  Technician  should  be  familiar  wfth  some 
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Figure  76.-  Principle  of  operation  of  gravity-type  corers. 


of  the  equipment  currently  in  use  by  the  ocean- 
ographic  community.  For  this  reason,  this  course 
will  cover  a  few  of  the  more  commonly  used 
bottom  samplers  used  by  the  U.  S.  Naval  Ocean- 
ographic  Office. 

Collecting  marine  sediments  involves  the  use 
of  a  variety  of  samplers,  which  fall  into  three 
basic  categories:  (1)  corers,  (2)  snappers  or 
grabs,  and  (3)  dredges.  Selection  and  uge  of  the 
proper  device  will  depend  on  the  nature  of  the 
investigation,  the  character  of  the  bottom,  the 
depth  of  .  water,  and  the  ,  shipboard*  equipment 
available  for  lowering  and  retrieving  the  sam- 
pler. For  example,  if  the  investigation  has  to  do 
with  the  strength  of  the  sediment  or  its  ability 
to  support  equipment,  the  sample  should  be  ob- 
tained with  one  of  the  larger  corers  so  that 
engineering  properties  as  well  as  size  and  com- 
position analyses  can  be  made.  On  the  other  hand 
if  previous  reconnaissance  indicated  the  character 
of  the  bottom  to  be  hard  and  rocky,  perhaps  a 
dredge  or  grab  sample  will  verify  this  condition. 
Where,  the  depth  of  water  is  great  and  the  sed-  ' 
iments  are  unconsolidated,  excessive  washout 
may  eliminate  the  use  of  certain  devices. 


CORERS 

A  typical  coring  device  consists  of  inter- 
changeable core  tubes  and  an  upper  assembly. 
The  upper  assembly  provides  support  for  the  drive 
weights  and  the  core  tubes.  These  corers  essen- 
tially are  driven  into  the  ocean  floor  by  gravity, 
and  the  bottom  sample  is  retained  in  the  core 
tube.  The  time  involved  in  a  coring  operation  is 
dependent  on  water  depth  and  the  speed  at  which 
the  wire  is  payed  out  and  retrieved.  The  length 
of  the  core  collected  will  be  governed  by  the 
penetrability  of  the  bottom,  the  length  of  the 
corer,  the  amount  of  weight  on  the  device,  and 
the  design  of  the  corer.  In  areas  of  predomi- 
nately rocky-  or  coral  bottoms,  it  may  be  im- 
possible to  obtain  a  core. 

Two  types  of  coring  devices  being  used  are 
the  gravity- type  and  piston- type.  Both  types 
of  corers  achieve  their  penetration  of  the  ocean 
floor  by  gravity;  i.e.,  when  the  release  mechanism 
is  tripped,  the  specific  gravity  of  the  device  is 
great  enough  to  cause  the  corer  to  free-fall  rapidly 
through  the  water  and  strike  the  bottom  with  enough 
force  to  penetrate  the  ocean  floor  (figure  76). 
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Figure  77.—  Principle  of  operation  of  piston- type  corers. 

Phleger  Corer 

The  Phleger  corer,  a  gravity-type  corer,  is 
designed  to  obtam  cores  up  to  4  feet  in  length. 
It  is  widely  used  for  collecting  marine  sediments 
because  of  its  small  size  and  weight.  The  corer 
has  an  overall  length  of  3  or  5  feet — 3  feet 
if  the  12-inch  coring  tube  is  used  and  5  feet 
if  the  36-inch  tube  is  used.  The  corer  is  usually 
operated  frpm  an  oceanographic  winch  using 
5/32-  or  3/16-inch  oceanographic  wire. 

The  Phelger  corer  assembly  (figure  78) 
consists  of  the  following  components: 

1.  The  main  weight  (80  lbs.),  which  is  com- 
prised of  the  upper  tube,  the  mainbody  weight, 
check  valve, /tail  fin ,  assembly,  and  bail. 


rest  in  obtaining  undisturbed  core  samples 
has  resulted  in  the  development  of  several  pis- 
ton-type bottom  coring  samplers.  These  piston- 
type  ccJrers  are  designed  to  offset  the  downward 
force  of  the  coring  device  on  the  sedimsnt.  The 
piston  inside  the_  coring  tube  reduces  distortion 
to  the  upper  layers  .of  the  core  sample,  promotes 
greater  penetration  of  .the  d,cean  floor,  and,  ac- 
cording to  some  authorities,  provides  a  more 
representative  sample  of  the  bottom  sediment 
column  in 'situ  (figure.  77).  Piston-type  corers 
rigged  without  the  piston^mechanism  are  gravity 
corers.  Sometimes  in  an  emergency  when  a  re- 
lease mechanism  is  not  available,  gravity  corers 
are  rigged  without  the  device;  but  the  speed 
at  which  the  corer  sinks  through  the  water  is 
limited  by  the  payout  speed  of  the  winch,  and 
true  free-fall  speed  is  not  achieved. 


•  Figure  78.—  Phi 

2.  Coring  tubes,  12-and  36-inch. 

3.  Core  catcher. 

4.  Cutting  edge. 

5.  Release  mechanism  with  a  20-foot  chain. 
Trigger  line  and  weight.  ~* 

7.  Plastic  liner,  1  1/2-inch  outside  diam- 
eter, with  end  caps. 

8.  Spare  parts  and  2  shipping  cases. 

-  -        '  c 
In  general,  the  Phleger  corer  requires  very 
little  maintenance,  but  each  corer* s  storage  case 
contains  spare  core  tubes,  core  catchers,  and 
cutting  edges.  After  each  lowering,  all  sediment 
should  be  removed  from  the  corer  by  washing, 
and  anjr-damaged  parts  should  be  replaced.  The 
core-catcher  springs  are  dejicate  and  must  be 
inspected  for  free-play  action.  The  core  cutter 
may  be  dented  if  the  core  hits  a  hard  or  rocky 
bottom.  When  the  coring  operation  is  completed, 
any  sediment  on  the  corer  should  be  removed 
by  washing,  and  the  entire,  device  should  be  rinsed 
in  fresh*  water  and' stored  in  the  core  assembly 
shipping  case. 

Kullenberg  Piston  Corer 

The  Kullenberg  piston  £orer  currHtfly  used 
is  a  modified  version  af'tbe  original  Kullenberg 
corer.  The  modified  version  is  designed  to  collect 
cores  up.  to  almost  12  feet  in  length.  It  is 
widely  used  both  as  a  piston  corer  and  a 
gravity    corer,  and  it  can  be  lowered  with 


eger  corer  ass 


/ 


an  oceanograji^c  winch  using  5/32-  or  3/16- 
inch  oceanographic  wire. 

The  Kullenberg  piston  corer  assembly  co« 
^sists  of  the  following  components  (figures  79  an 
80)  * 

1.  Upper  assembly  or  weight  stand  consist- 
ing of  main  body  tube,,  adapter,  bail,  and 
collar.     <P  ^ 

2.  Cast  lead  weight,  four  to  six  50-pounders. 

3.  Coring  tubes,  2-inch  inside  diameter, 
-      in  two  lengths— 5  1/2-   and  11  1/2-feet. 

4.  Core  catcher. 

5.  Core  cutting  edge. 

6.  Piston  equipped  with  a  single  leather 
ciip  washer  and  a  swivel  fitting  for  attach- 
ing the  lowering  wire. 

7.  Wire  clamp  release  mechanism  with  a 
trigger  line  and  a  trigger  weight  (40  to*  80 
pounds). 

8.  Plastic  liner,  2-inch  outside  diameter, 
with  end  caps. 

9.  Miscellaneous  spare  parts  and  wooden 
shipping  case. 

In  general,  the  Kullenberg  corer  requires 
very  little  maintenance.  The  corer's  storage 
case  contains  spare  parts.  If  the' core  cutter 
becomes  dented  or  chipped  or  the  core  catcher 
springs    become  damaged,   replace  the  part. 
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CUTTING  EDGE 


Figure  Y9.—  Kullenberg  piston  corer  assembly. 


If  the  piston  leather  cup  washer  becomes  worn, 
put  a  new  washer  on  the  piston.  .After  completion 
of  the  operation,  the  corer  (especially  set  screws 
and  movable  fittings)  should  be  rinsed  with  fresh 
water,  dried,  and  oiled  lightly.  Store  the  equip-' 
rrient  in  the  shipping  case. 

Ewing  Piston  Corer 

The  Ewing.  piston  corer  is  designed  for  use* 
where  longer  cores  are  desired.  It  is  the  largest 


corer  in  use  by  the^  U.  S.  Naval  OceanograpJUc 
Office,  and  Several  modified  versions  that  weigh 
up  to  2,00*0  pounds  have  been  been  built.  Because 
of  their,  weight  and  size,  Ewing  piston,  corers 
are.  operationally  limited  to  ships  equipped  with 
a  f  large  winch  carfying  at  least  1/2- inch  Wife, 
a  boom  or  crane  capable^ of  supporting  the  corer, 
and  sufficient  d£ck  space  to  assemble  the  corer. 

KThe  Ewing  *  corar  /2,000-pound)  assembly 
consists  tif  the  following  fcomponents  (figure  81); 
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Figure  81.-  The  Ewing  corer  (2,000  pound)  assembly. 
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1.  The  main  weight,  which  includes  the 
main  body  tube,  the  tail  fin  assembly,  bail, 
ring,  and  20  shaped  cast  lead  drive  weights. 
Thf  overall  length  of  the  main  weight  is 
about  5  feet. 

2.  Coring  tubes,  which  are  seamless  steel 
tubing  of  2  3/4-inch  outside  diameter  and 
2  1/2-inch  inside  diameter,  are  20  feet 
long.  Each  end  of  a  tube  is  drilled  and  tapped 
to  take  stainless  steel  set  screws. 

3.  Coring  tube  connector  sleeves. 

r 

4.  Piston  with  three  leather  washers  and 
a  check  valve. 

5.  Piston  stop  collar,, 

6.  Core  catcher. 

7.  Cutting  edge. 

8.  Tripping  release  mechanism  and  trigger 
line. 

9.  Trigger  weight  (250-  to  300-pound) ..con- 
sisting of  a  coring  device  - such  as  the 
Kullenberg  piston  corer  rigged  as  a  gravity 
corer. 

10.     Plastic  Hner  in20-footlengths withcaps. 
„  11.    Miscellaneous  spare  parts. 

Owing  to  its  sturdy  construction,  the  Ewing 
corer  generally  requires  little  maintenance;  how- 
ever, when  the  corer  attains  oqly  partial  pene- 
tration, the  ^remaining  portion  of  the  '  core  may 
fall  over  of  its  own  weight  and  bend  the  coring 
,tube  beyond  repair.  In  addition,  cutting  edges 
are  often  damaged  by  striking  hard  or  rocky 
bottom,  but  they  can  be  hammered  or  filed  back 
into  shape  or  replaced.  After  a  coring  operation 
:s  completed,  wash  down  all  parts  and  lightly 
grease  all  threaded  surfaces. 

*  Hydro-Plastic  Piston  Corer  . 

The  Hydro- Plastic  (PVC)  piston  corer  is  a 
special-purpose  corer  designed  by  the  U.  S. 
.  Naval   Oceanographic   Office  to  obtain  semi- 
undisturbed  core  samples.  The  corer  utilizes  a 
high  impact  grade  of  polyvinyl  chloride  (PVC) 
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Figure   82.-  The  Hydro- Plastic  (PVCppiston 
corer  assembly. 

plastic^,  for  the,  coring  barrel"  or  tube.  This 
lighter  coring  tube  has'  several  advantages.  It 
collects  a  larger  diameter  tore  sample,  it  has 
a  high  retention  of  sediment  interstitial  water 
during  storage,  ithas  good  sediment  penetration, 
and  it  can  be  sectioned  easily  for  sediment 
engineering  property  analysis.  The  PVC  corer 
is  widely  used  both  as  a  piston  corer  and  as 
a  gravity  corer,  and  it  can  be  lowered  withan_ 
oceanographic  winch  using'  5/32-  or  3/16-inch> 
wire. 

The  Hydro- Plastic  piston  corer  consists  of 
the  following  components  (figure  82): 

1.  Weight  stand  assembly,  which  includes 
the  main  body  -tube,  tail' fin,,  bail,  weight 
collar,  and  six  cast  lead  weights  (5D  pounds-" 
each). 

2.  Plastic  coring  tubes  (PVC),  available 
in  random  lengths  up  to  20  feet;  plastic 
caps  for  the  coring  tube,  and  adhesive  for 
sealing  caps  on  the  tubes.  , 

3.  Piston  assembly, 

4.  Core  catcher. 
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5.  Cutting  edge. 

6.  Drill  jig. 

7.  Wire  tripping  release  mechanism  (same 
as  the  Kullenberg  corer) . 

8.  Trigger  weight  and  trigger  line. 

9.  Spare  parts,  bolts,  and  shipping  case, 

> 

The  Hydro- Plastic  corer  requires  very  little 
maintenance.  Spare  parts  a^e  contained  in  the 
storage  case.'  To  protect  the  weight  stand  as- 
sembly,, the  core  catcher,  and  the  core  cutter 
from  deterioration,  wash  them  and  rinse  them 
with  fresh  water  to  remove  sediment.  Coat 
these  parts  lightly  with  oil  or,  as  conditions 
warrant,  wijre-brush  them  and  paint  them  with 
red  lead. 
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Boomerang  Sediment  Corer 

\  The  Boomerang  sediment  corer  is  a  gravity 
cor^Sr  that  requires  no  wire  or  winch  for  launch- 
ing and  retrieving.  It  is  designed  to  obtain  cores 
up  to  4  feet  in  length  from  water  depths  as  great 

""as"  8,700  meters.  This  corer  is  especially  adapt- 
able to  those  situations  where  the  wire  on  the 
ship's  winches  will  not  reach  the  ocean  floor 

.  because, of  excessive  depths. 

Boomerang  corer  assembly  consists 
illy  of  two  components:  (1)  The  ballast 
component,  which  consists  of  the  float  retaining 
shell,  ballast  weight,  steel  core  barrel  with  nose 
piece*  and  pilot  weight  (figure  83)  and  (2)  the 
float  component,  which  consists  of  a  10-inch 
diameter  fused  glass  sphere  containing  a  flash- 
iri£  assembly  and  a  nylon"  net  bag  (rigged  with 
purse  string,  rubber  band,  nylon  line  for  stretch-  ' 
ing  net  bag,  and  a  float- release-arm  ring),  a 
core, liner  valve/release  mechanism  tube  with  6- 
foot  nylon  tether  line,  a  core  catcher,  and  a  hollow  4 
rubber  ball  (figure  84).  The  items  of  the  float  com- 
ponent, which  are  recoverable,  are  installed  in  the 
ballast  component,  which  is  expendable. 

The  complete  assembly  is  shipped  with  a 
48-inch  CAB  (Cellulose  Acetate  Butyrate)  plastic 
liner  in  the  core  barrel  and  with  plastic  caps 
taped  over  the  ends  of  the  core  barrel.  The 
float- release  arm  and  the  pilot  vweight  are  con- 
nected by  a  wire,  and  the  pilot  weight  is  held  snug- 
ly against  the  ballast  weight  with  a  hose  clamp.* 
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Figure  83.—  Boomerang  corer  ballast  component. 
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♦O'FUSEO  GLASS  SPHERE 
I 


METAL  RING* 


RUBBER  BAND 


MAGNET  SWITCH 


CORE  CATCHER 
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Figure  84.—  Boomerang  corer  float  component. 

After  being  rigged  to  take  a  core,  the 
complete  assembly  is  dropped  overboard  into 
the  ocean;  it  free-falls  and  its  core  barrel 
is  dnvenintotheoceanfloor  by  gravity  (figure  85). 
As  the  Boomera"ng  core  barrel  penetrates  the 
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Figure  85.—  Principle  of  operation  of  Boomerang  gravity-type  coren 


ocean  floor,  the  float  component  with  the  sedi- 
ment core  liner  is  released  from  the  ballast 
component.  The  float  component  then  rises  to 
the  surface  with  the  core.  The  ballast  component 
remains  on  the  ocean  floor. 

In  general,-  the  Boomerang  corer  requires 
very  little  maintenance  since  the  ballast  com- 
ponent is  never  recovered.  The  float  component, 
however,  usually  is  recovered  and  should  be 
kept  and  matched  with  another  ballast  component. 
The  following  maintenance  should  be  performed 
on  the  items  in  the  float  component: 

1.  Nylon  lines  and  net  bag  -  Rinse  with 
fresh  water  and  dry  before  storing. 


m 


2.  Spheres  and  spacer  -  Rinse  with  fresh 
water. 

3.  Core  catcher  -  Rinse  with  fresh  water, 
dry*,  and  oil  lightly. 

4.  Vaive/release  mechanism  tube  -  Rinse 
with  fresh  water,  dry,  and  oil  lightly. 


SNAPPER  OR  GRAB  SAMPLERS 

s  "  Various  snapper  or-grab  samplers  are  usetl 
to  obtain  small  samples  of  the  superficial  layers 
of  the  "ocean  bottom.  These  sampbers  are  "ex- 
cellent for  sampling  surface   sediments,  but 
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Figure  86.—  Orange  Peel  bucket  sampler. 


they  do  not  provide  an  undisturbed  sample  show- 
ing structure  and  microlayering.  Examples  of 
these  bottom  samplers  include  -the  Orange  Peel 
bucket  sampler,  th&. Clamshell  snapper,  the  Van 
^Vlsen  bott&m  sampler*  and  the  underway  Scoopfish. 

Orange  Peel  Bucket  Sampler 

The  Orange  P^el  bucket  sampler,  a  grab 
sampler,  derives  its  name  from  its  resemblance* 
to  the"1  segments  of  a  peeted  orange  (figure  86). 


The  sampler  weighs  45  pounds  and  can  be  equip- 
ped wi.th  four  lead  .blocks  to  increase  its  weight 
to  approximately  120  pounds.  It  holds  between 
200  and  300  cubic  inches  of  sediment  when  full; 
however,  the  fine  portion  of  the  sample  is  sub- 
ject to  washing.  Hence,4"  the  sediment  obtained 
may  not  be*eomplefely  representative  of  the  bot- 
tom. The  Orange  Peel  bucket  sampler  generally 
is  operated  from  the  oceanographic  winch  using 
•3^3/ 16- inch  wire. 
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1   Figure  ST.—  Clamshell  snapper. 

After  each  lowering  is  completed,  wash  the 
•  remaining  sediment  from  the  sampler,  rinse 
with  fresh  water,  dry,  and  lubricate  all  moving 
parts.  Check  the  cotter  pins  and  the  ratchet 
chain  links, 'tighten  the  sheave' bolts  and  the 
weight  bolts,  and  when  necessary,  wire-brush 
the  sampler  and  paint  it  to  prevent  corrosion.' 


Clamshell  Snappers 

Two  general  types  of  clamshell  snappers 
are  used  by  NAVOCEANO.  One,  show*  in  figure 
37,  is  about  30.  inches  16ng  and* weighs  about 
60  pounds.  The  other  is  fonly  11  inches  long  and 
weighs  only  3  pounds. 

The  larger  clamshell  snapper  is  ruggedly 
constructed  of  stainless  steel.  The  cast  snapper 
jaws  are  closed  by  heavy  arms  actuated  by  a 
strong  spring  and  a  lead  weight.  In  the  open 
position,  a  foot  device  extends  below  the  jaws 
so  that  it  strikes  bottom  first  and  triggers  the 
snapper:  The  impact  moves  the  arms  up,  releas- 
ing the  jaws,  which  snap  shut  with  considerable 
force*.  The  jaws  trap  about  a  pint  of  bottom 
material.  This  snapper  is  equipped  with  tail  * 
fins  and  is  lowered  from  an  oceanographic  winch 
with  5/32- mch  wire. 

The  small  type  clamshell  snapper,  called 
a  mud  snapper,  is  attached  to  the  bottom  of  av 
sounding  lead  by  means  of  a  hole  drilletFifrtKe^: 
lead.  The  jaws  are  'actuatetfby  a  -spring,  and  the  ' 
tensipn  on  the  spring  can  be -adjusted  by  tighten- 
ing or  loosening  a  screwcap.  The  jaws  are  held  x 
open  by  engaging  two  trigger  pins  within  the 
jaws.   The   mud  snapper  may  be  operated  in  • 
shallow  'water-by  hand  lowering  or  it  maybe  low- 
ered from  a  bathythermograph  or  oceanographic 
winch.  ' 


Figure  88.—  Scoopfish  underway  sampler. 

Very  little- maintenance  is  required  for  the 
clamshell  '  Snappers.  After  the  operation  is  com- 
pleted, wash  off  any  remaining  sediment,  rinse 
in  fresh  water,  dry,  and  lubricate  any  moving 
parts. 

Scoopfish  Underway  Bottom  Smapler 

The,  Scoopfish   (figure  88)  is  designed  to 
obtain  a  sample -without  stopping  the  vessel. 
It. is  ideal  for  rapid  reconnaissance  sampling . 
of  surface  sediments,  but  it  does  not  adequately  ' 
sample  very  coarse  (gravel  or  larger)  sediments. 
The  sampler  weighs  11  pounds  and  is  15  inches 
long..  It  has  the  capacity  to  collect  lO^cubic 
inches  of  bottom  sediment.  It  is  lowered  from  a 
bathythermograph  winch  in  depths  less  than  100 
fathoms  from  a  ship  underway  at  speed  not  over 
15  •  knots.  When  the  sampler  is  beihg  lowered, 
care  must  be  taken  that  the  nose  lid  is  not  pre- 
maturely tripped  as  the  sampler  enters  the  water. 
^  The '  scoopfish  is  allowed  to  fall  freely  in  the 
same  manner  as  a  bathythermograph,         *  * 

Maintenance,  of  the  Scoopfish  is  limited  to 
a  wash  down  ^  with  fresh  water  and  lubrication 
of  all  moving  parts.  The  Scoopfish  is  used  where 
numerous  samples  are^to  be  obtained  in  a  limit- 
ed time. 

Van  Veen  Bottom  Sampler 

The  Van  Veen  bottom  sampler  is  shown  in 
-.figuffc  89.  It  weighs  approximately  74  pounds 
and  is  capable  of  collecting  200  or  300  cubic 
inches  of  sediment  sample'.  Because  the  jaws 
*of  the  sampler  overlap,  a  sample  obtained  from 
considerable  depth  can  be  brought  to  the-surface 
with  little' loss  by. washout.  * 

When  the  sampler  is  being  lowered,  care 
must  be  exercised  as  it  is  entering  the  water, 
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Figure  89.—  The  Van  Veen  sampler  with  modified 
trigger. 

because  any  appreciable  decrease  of  tension  on  the 
lowering  wire  Will  trip  the  sampler  prematurely. 
;  Lowering ,  speed  should  be  maintained  at  about 
60  meters  per  minute.  4 

«    Van  Veen  Samples  are  placed  in  Jets  or 
'  canvas  bags  and  are  labeled.  When  the  lowering 
program  has  been  completed,  the  sampler  is 
rinsed  with  fresh  water  and  is  dried,  and  all 
moving  parts  are  lubricated.  % 

Dredges  '  , 

* 

Dredging  operations  for  bottom  sediments 
are  usually  .conducted  only  when  coring  and  grab 
sample  devices  have  foiled  to  obtain  a  bottom 
sample.    Dredges,   used  aboard  ships  include 


ii 


Figure  90.—  Box  shaped  dredge. 

triangular  shaped*  box  shaped  (figure  90),  and 
pipe  dredges. 

Dredges  are  constructed  of  1/4-inch  or 
heavier  steel  plate,  and  they  vary  in  size  and 
weight.  The  forward  end  of  the  dredge  is  open 
and  the  aft  end  is  covered  with  a  heavy  epail 
which  is  designed  to  retain  a  certain  size  mate- 
rial. 

The  dredge  is  operated  from  a  heavy  duty  . 
winch  or  boom  using  l/2-inch  diameter  I6wering 
wire.  During  dredging  operations,  the  ship  is 
lying  to  as  the  dredge  is  lowered;  then  the  ship 
slowly  tows  the  dredge  along  the  bottom  at  2 
or  3  knots. 

While  the  dredge  is  being  towed,  the  deep 
sea  dynamometer  tshould  be  used  and  should 
be  watched  for  irregular  tension  on  the  towing 
wire.  If  the  tension  is  very  irregular,  the  dredge 
probably  is  skipping,  and  more  wire  should  be 
payed  out  to  increase  the  scope.  Also,  if  rocky 
irregularities  such  as  ledges  are  encountered, 
the  dredge  will  tend  to  foul.  If  this  occurs,  the 
ship  is  stopped  and,  if  possible,  the  ship  is 
reversed  and  maneuvered  to  free  the  dredge. 
If  this  maneuver  fails,  a  weak  link  in  the  dredge 
bridle  usually  gives  way  and  upsets  the  appa- 
ratus, thus  dumping  the  sample,  freeing  the 
dredge,  and  saving  both  the  dredge  and  the 
lowering  wire. 
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Figure  91.-  Model  6220 

Rocks  and  representative  samples  of  other 
bottom  material  obtained  should  be  packed  in 
wooden  boxes,  canvas  bags,  or  sample  jars,  and 
then  be  labeled.  A  Afresh  water  washdown  of  the 
equipment  after  each  operation  is  the  only  main- 
tenance required  other  than  periodic  painting  and 
inspection  for  weak  points  in  basic  construction. 

SALINOMETER 

One  typev  of  portable  induction  salinometer 
now  used  by  the  Coast  Guard  is  the  Bissett-  , 
Berman    Corporation    Model    6220  Portable 


Laboratory  Salinometer.^ 

Laboratory  Salinometer  (figure  91).  It  is  a 
precision  instrument  for  measuring  the  salin-  , 
ity  of  sea  water  samples.  The  Model  6220  is 
a  conductivity-type  measuring  device  which  util- 
izes an  inductively-coupled  conductivity  sensor 
to  establish  a  conductivity  ratio  between  an 
unknown  sample  and  a  standard  at  approximately 
35 v  ppt  salinity.  Actual  salinity  is  then  easily 
and  quickly  determined  by  reference  to  a  set 
of  tables.  A  dual-element  platinum  thermometer 
and  its  associated  circuitry  sense  the  temperature  -J 
of  the  sample  and  apply  appropriate  compen- 
sation. For  temperature  differences  up  to  +3*  C 
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#### 


1.  AC  Power  Switch 

2.  Mull/Temperature  Indicator 

3.  Temperature/Salinity  Switch 

4.  ffU  Control  - 

5.  Pump/Off/Sttr  Switch 

6.  Sample  Cell 

7.  Vacuum  Control 
9,  fill  Tube 

?.  Overflow  Jar 


10.  Dram  TuPe 

It.  Standardize  Dials 

12.  AC  Power  Fuse 

13.  AC  Power  Cord 

14.  Conductivity  Ratio  Dials 

15.  Stirrer  Motor 

16.  Stirrer  Dr  ve  3el:  „ 

17.  Null/Temperature  Indicator 

18.  Ratio  Transformer  Module  (A  IAS) 


19.  Pc'v*-  5-po.y  Mccjie  CA1A3) 

20.  HS/23C  Line  Power  Switch 

21.  Oscttlator  Module  (A1A2) 

22.  Summation  Amplifier  Module  (A1A4)  . 

23.  Detector  Amplifier  Module  (AIA6) 

24.  Te-cerature^Compensation  Mcd«le{AlA?, 
25»  Overflow  Tube 

26.  porno  •  J 

2'.  Pump  Drive  Motor 


Figure  92.-  Front  and  Rear  Views  of  Instrument  With  Cover  Removed. 
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between  the  sample  Tind  the  standard,  compen- 
sation is  fully  automatic  over  the  range  of  0* 
to40*C. 


*  Functional  description 

The  salinometer  is  (jompletely  contained  in 
a  molded  fiberglass  case  which  has  a  carrying 
handle  at  the  top  and  feet  at  the  bottom  (figure  91). 
Remove  the  front'  of  the  case  when  operating  the 
instrument.  All  operating  controls  are  conven- 
iently located  on  the  front  panel,  The  instrument 
is  equipped  with  two  motors;  a  pump  drive  that 
provides  a  vacuum  for  filling  the  sample  cell, 
and  a  stirrer  which  agitates  the  sample  to  main- 
tain temperature  uniformity  during  measure- 
ments. Overflow  from  the  sample  cell  during  fill- 
ing is  drained  into  a  water  trap.  A  switch  at 
the  rear  of  the  instrument  selects  either  115  or 
230  VAC  line  power, 

The  sample  cell  (figure  92)  is  formed  of 
molded  lexan.  It  is  fitted  with  a  stopcock  that 
has  three  positions:  fill,  drain,  and  closed.  Con- 
tained within  the  §ample  cell  are  a  toroidal  trans- 
former that  forms  an.^nductive  coupling  with 
the  sea  water,  &  platinum- resistance  thermom- 
eter, a  thermistor,  and  the  stirrer.  Plastic  hoses 
lead  from  the  cell  to  the  sample  bottle  and  to 
the  overflow  jar. 

The  overflow  water  trap  (figure  92)  is  a 
reservoir  which  catches  surplus  water  from  the 
sample  cell.  The  trap  has  screw  threads  at  the 
top  and  is  easily  removed  for  emptying. 
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Filling  the  sample  cell  is  accomplished  by 
a  vacuum  pump  located  af  "the  rear  of  the  in- 
strument (figure  92).  During  sample  cell-filling, 
the  operator  places  a  finger  .over  the  FILL 
CONTROL  opening  on  the  front  panel,  which  is 
above  the  sample  cell.  A  vacuum  control  needle 
valve  (figure  92)  located  near  the  overflow 
water  trap  is  adjustable  to  regulate  the  vacuum. 
This  allows  precise  control  over  filling.  A 
three-position  switch  located  on  the  front  of  "the 
instrument  actuates  the  pump  in  the  PUMP 
position,  and  the  stirrer  in  the  STIR  position. 

A  motor-driven  stirrer  in  the  sample  .cell 
agitates  the  sea  water  b§ing  measured  to  assure 
'  that  the  temperature-throughout  the  sample  re- 
mains uniform.  The  stirrer  is  actuated  by  tfife 
PUMP-OFF-STIR  switch. 


All  operating  controls  for  the  instrument  are 
located  on  the  front  panel  (figures  91  and  92). 
They  consist  of  a  POWER  ON-POWER  OFF 
?  switch,  a  TEMPERATURE-SALINITY  switch,  a 
NULL/TEMPERATURE  INDICATOR  meter,  CON- 
DUCTIVITY RATIO  dials,  STANDARDIZE  dials, 
a  FILL  CONTROL,  and  ,  a  PUMP-OFF-STIR 
switch.  These  are  described  in  detail  in  the 
following  paragraphs. 

The  POWER  ON-POWER  0FF  switch  is  a 
two-position  switch  that  applies  line  power  to 
the  instrument.  A  lamp  in  the  switch  illuminates 
when  power  is  on. 

The  TEMPERATURE-SALINITY  switch  is  a 
twcnposition  switch/  normally  in  the  SALINITY 
position-,  which  is  a  spring-loaded  momentary 
switch  in  the  TEMPERATURE  position.  In  the 
SALINITY  position,  the  "circuitry  of  the  instru- 
ment is  applied  to  salinity  measurements.  In 
the  momentary  TEMPERATURE  position,  the 
temperature  of  the  sample  is  shown  on  the 
NULL/TEMPERATURE  INDICATOR. 

The  NULL/TEMPERATURE  INDICATOR 
meter  is  a  dual-purpose  meter  that  indicates, 
the  null  condition  when  conductivity  ratios  of 
samples  ares  being  established  during  salinity 
measurements  and  that  displays  the  temperature 
in  degrees  Celsius  during  temperature  measure- 
ments. The  readout  obtained  at  the  meter  is 
dependent  on  the  position  of  the  TEMPERATURE- 
SALINITY  switch.  Directly  below  the  meter  is 
a  slotted  zero-adjust  screw,  which  is  used  to 
adjust  the  NULL  INDICATOR  pointer, 

"The  CONDUCTIVITY  R^TIO dials  (figure  92), 
when  adjusted  to  null  the  NULL/TEMPERATURE 
INDICATOR,  give  a  direct*  reading  of  the  ratio 
of  the  conductivity  of  the  unknown  sample  to 
that  of  the  standard  sea  water  used  to  stand- 
ardize the  instrument.  These  dials  are  initially 
set  by  comparing  the  indicated  chlorinity  of  a 
sample  of  Copenhagen  Standard  Sea  Water  with 
the  STANDARDIZING  RATIO  TABLE  on  the  front 
of  the  instrument  and  by  determining  the  con- 
ductivity ratio  A  With  an  unknown  sample  in  the 
.  instrument,  Veke  - dials  are  adjusted  until  the 
meter  nulls." TheYdial  readings  obtained  are  con- 
verted to  s*Umfey  units  of.  measure  by  reference 
to  a  set  of  tables  used  for  that/purpose* y 

The  STANDARDIZE  dials  arejlised  during 
initial  standardization  of  the  instrument.  After 
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the  CONDUCTIVITY  RATIO  dials  have  been 
set  as  described,  the  STANDARDIZE  dials  are 
set  to  precisely  null,  the  NULL/TEMPERATURE 
INDICAtOR.  Thereafter,  the  setting  is  not  chang- 
ed, 'except  for- each  new  salinity  run. 

The  FILL  CONTROL  is  a  small  opening 
that  controls  the  vacuum  to  the  sample  cell. 
During  all  filling,  the  FILL  CONTROL  is  sealed 
with  the  finger.  An  adjustable  needle^ valve  (fig- 
ure 92)  provides  control  oyer  filling  rate. 

The  three-position  PUMP-OFF-STIR  switch 
controls  both  the  vacuum  pump  and  the  stirrer. 
In  the  PUMP  position,  the  vacuum  pump  operates 
to  fill'  the  sample  cell.  In  the  OFF  position, 
the  motors  are  inoperative.  In  the  STIR  pbsition, 
the  stirrer  is  actuated  to  maintain  a  uniform 
temperature  in  the  water  sample  while  measure- 
ments are  being  made. 

Set  up  the  salinometer  on  a  work  table  or 
other  suitable  surface  with  drain  facilities  close 
by.  If  a  sink  is  not  available,  use  a  bucket  or 
large  bottle  resting  on  the  floor.  To  perman- 
ently secure  the  instrument  to  a  desk  or  other 
work  surface,  remove  the  screws  which  attach 
the  rubber  feet  and  install  bolts  in  the  tapped 
holes  from  the  underside  of  the  table.  If  it  is. 
desirable  to  attach  the  salinometer  to  a  table* 
from  the  top  side,  fasten  a  .secondary  bar  with 
suitable,  holes  to  the  rubber  feet  and  secure 
the  unit  by  bolting  the  bar  to  the  table.  In  any 
case,  secure  the  instrument  well  enough  to  pre- 
vent damage  from  ship's  movement  and  insulate 
if  from  majpr  vibrations.  Remove  the  front 
of  the  base  by  opening  the  latches  on  the  sides 
of  the  unit  and  lifting  the  front  off.  Connect 
the  poller  cord  to  a  standard  source  of  60  HzH 
115  or  230  VAC  power.  Note  that  a  three-wire 
cord  (with  ground  plug)  is  used. 

OPERATION 

No  preliminary  adjustments  are  required 
to  operate  the  Model  6220.  However,  (with  power 
.off)  set  the  NULL/TEMPERATURE  INDICATOR 
needle  to  20#  C  (centered),  using  the  zero-, 
adjust  screw  below  the  needle,  before  operating 
the  instrument.  In  addition,  (with  power  on) 
adjust  the  CONDUCTIVITY  .RATIO  dials  to 
0.00010,  0.00020,  etc.,  to  observe  meter  sen- 
sitivity. Meter  deflection  should  be  perceptible 
for  the  smallest  change  and  should  be  reasonably 
linear  for  thjtf  first  few  steps  of  deflection 


(approximately  1*  C  deflection  on  NULL/TEMP- 
ERATURE -INDICATOR  for  the  .initial  steps  and 
then  diminishing).  The  instrument  is  now  ready 
to  operate. 

The  Model  6220  Laboratory  Salinometer  is 
quite  simple  to  operate,  and  personnel  completely 
unfamiliar  with  the  instrument  can  learn  to  use 
it  and  make  precise  measurement  in  a  short 
period  of  time.  The  first  operational  step  is  to 
standardize  the  instrument  using  Copenhagen 
Standard  Sea  Water.  Standardization  is  necessary 
to  allow  for  small  drifts  in  precision  components 
and  in  the  geometry  of  the  conductivity  cell 
and  to  compensate  for  physical  changes  due  to 
ambient  temperature  conditions  and  aging.  After 
standardization,  the  instrument  will  indicate  a 
conductivity  ratio  of  1.00000  for  sea  water  having 
a  salinity  of  35  ppt.  However,  since  Copenhagen 
St^dard  Sea  Water  does  not  always  have  a 
, salinity  of  35  ppt,  the  conductivity  ratio  will 
vary  from  unity,  depending  upon  the  salinity 
of  the  sta'ndard. 

The  second  step  in  operating  the  instrument 
after  it  has  been  standardized  is  to  determine 
the  conductivity  ratio  of  the  unknown  sample. 
This*  is  accomplished  by  filling  the,  sample  cell 
with  the  unknown  sample  and  adjusting  the  "CON- 
DUCTIVITY RATIO  dials  until  a  null  is  obtained 
-on  the  NULL/TEMPERATUftE  INDICATOR.  The- 
CONDUCTIVITY  RATIO  dial  yeadirtg  is  the  ratio- 
of-conductivity  of  tfie  unknown  sample  to  the 
conductivity  of  a  standard  having  a  salinity  of 
exactly  35  ppt.  Use  $his  conductivity  ratio,  in 
conjunction  witlu  a  set  of  tables  fa  arrive  at 
the  salinity  o'f  'thelTnknown  sample. 

*  $ 

.  During  the  process  of  making  salinity  meas- 
urements, the  standard  sea  water,  the  unknown 
samples,  the  instruments,  and  the  room  in  which  " 
measurements  are  performed  should  be  at  a 
temperature  of  within*  +2.5°  C  of  each  other. 
To  accomplish  this,  store  the*  samples  and  in-, 
strument  in  the  room  where  measurements  are 
to  be  made. 

Inasmuch  as  the  purpose  of  the  salinometer 
is  to  perform  highly  precise  measurements  of 
sea  water  to  determine  its  salinity,  it  is  im- 
portant that  the  sample  being  measured  in  the 
sanjple  cell  is  truly  representative  of  the  un-  , 
known  specimen.  For  this  reason,  the  cell  must  I 
be  clean,  free  from  bubbles,  and  uncontaminated 
by  previous  samples. 
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The  filling  controls  are  comprised  of  the 
FILL  CONTROL  opening  on  the  front  panel,  the 
vacuurr(^  control  neeSle  valve  bettnd  the  sample 
cell,  the  sample  cell  stopcock,  and  the  various 

*  4  tubes  used  for  filling  and  draining. 

The  FILL  CONTROL  is  a  small  air  inlet 
that  taps  into  the  suction  line  between  the  sample 
cell  and  the  overflow  trap  to  preclude  accidental 
drawing  of  liquid  into  the  cell,  Restrict  the  open- 
ing with  your  finger  to  fill  the  celj. 

The  vacuum  control  needle  valve,  which  is 
located  adjacent  to  the  sample  cell,  controls  the 
amount  of  suction  to  the  sample  cell  and,  con- 
sequently, the  vacuum  at  the  FILL  CONTROL 
opening.  To  obtain  a  satisfactory  filling  rate, 
adjust  the  needle  valye. 

The  stopcock  is  a  three-position  valve  that 
is  used  for  filling  and  draining  the  sample  cell. 
The  stopcock,  which  has  two  ports  through  which 
liquid  flows,  is  placed  in  a  mid-position  between 
the  ports  for  retaining  the  sample. 

The. plumbing  in  the  instrument  is  comprised 
of  tubingj  for  air  suction  and  for  sample  draining 
and  filhrlg.  The  two  tubes  attached  to  the  stop- 
cock are  for  sample  draining  and  filling.  Air 
suction  and  overflow  drainage  are  provided  by 
tye  tube  connecting  the  overflow  jar  to  the  sample 
cell  ,\nd  fill  control  opening.  The  other  hose  from 
the  overflow  jar  connects  to  the  needle  valve, 
which  is  in  series  with  the  vacuum  line.  From 
the  needle  valve,'  a  hose  returns  to  the  pump. 
If  the  overflow  jar  is  not  emptied  when  full, 
excess  fluid  flows  from  the  pump  through  a  hose 
that  hangs  loose  beside  the  overflow  jar. 

In  order  to  ensure  that  the  sea  water  in  the 
sample  cell  is  representative  of  the  cbllected 
* >  sample  being  measure^T^emove  all  residual 

traces  of  the  .prejfcetfs  sample  tested  from  the 
ceil  by  rinsin^the  cell  with  a  sample  of  the 
specimen  toJfe  m?asured. 

VigoipisNshaking  of  the  sample  is  highly 
recommended  FTCioi/ to  each  measurement  to  en- 
sure thorough  VnjXftig  of  the  sample  to  be  run. 
Shaking  also  helps  to  eliminate  bubbles  resulting 
from  a  rapid  change  in  sample  temperature. 
Introduce  the  sample,  which  should  be  at  the 
temperature  at  which  the  measurements  will  be 
made,  into  the  cell  and  drain  it  at  least  twice 
prior  to  the  actual  measurement. 
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Slow  filling  is  essential  to  prevent  bubble 
•formation,  particularly  on  the  bottom  surface 
of  the  toroid  assembly,  If  bubbles  are  present 
after  the  stirrer  has  been  started,  drain  the 
liquid  back  into  the  sample  bottle  and  then  re- 
fill the  cell  (Do  not  drain  the  sample  back  into 
the  bottle  on  the  first  rinse  filling  of  the  cell). 
Any  bubbles  in  the  sampled  liquid  will  decrease 
the  apparent  conductivity  and  will  result  in 
erroneous  salinity  values. 

Leave  the  three-way  valve  open  following 
each  draining  to  ensure  thorough  emptying  of 
the  cell  and  fill  tube.  A  visual  check  of  the  cell  * 
is  recommended  to  ensure  cell  and  tube  drainage 
prior  to  inserting  the  fill  tube  in  a  new  sample. 
\ 

When  large  droplets  of  water  cling  to  the 
inside  surface  of  the  cell,  the  cell  requires 
cleaning.  Fill  the  cell  with  a  wetting  agent  solu- 
tion such  as  Tergitol  or  Cutscum.  In  the  Coast 
Guard,  a  10%  Tergitol  solutionis  used  for  this 
purpose.  Shake  the  mixture  to"  hasten  solution; 
then  add  the  ^olution  to  the  cell,  stir  it  for  5 
minutes,  drain  the  solution,  and  rinse  the  cell 
several  times   with  fresh  or  distilled  water. 

After  each  day's  run,  fill  the  cell  with 
fresh  or  distilled  water,  allowing  the  water  to 
run  into  the  overflow  jar.  Shut  the  stopcock 
to  retain  the  sample  and  run  the  stirrer  for 
approximately  fifteen  seconds;  then  remove  and 
dry  the  overflow  jar.  About  every  other  day  of 
operation,  remove  and  wipe  clean  the  stopcock 
and  the*  internal  portion  of  <tke  cell  where  the 
stopcock  fits.  Coat  both  portions  lightly  with 
a  silicone  lubricant  and  reassemble.  When  secur- 
ing the  salinometer  for  storage  or  transport, 
-  rinse  the  cell  with  fre'sh  water  in'  the  same 
manner  as  you  do  for  daily  cleanup.  Also  clean 
and  lubricate  the  stopcock  as  directed. 

A  routine  check  to  assure  that  power  cables 
are  not  frayed  or  broken,  that  all  components 
are  securely  mounted,  that  all  water  connections 
are  secure,  and  that  pump  and  stirrer  drive  belts 
(  are   not  worn  is  recommended  upon  receipt, 
/transportation,  or  shipment  of  the  salinometer. 

Table  8  describes  the  specifications  of  the 
Model  6220  salinometer,  while  figures  93,  94, 
and  95  give  a  detailed  close-up  *of  some  -of  the 
more  common  working  components  of  this  in- 
strument. 

'      \:  \. 
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Table  8.—  Model  6220  Specifications 
SALINITY  MEASUREMENT 
p  Range 

Least  Count 
Accuracy 

■  Temperature 
Compensation 

TEMPERATURE  MEASUREfvffcNT  * 

^  Range 

Accuracy 

GENERAL 

Dimensions 

Sample  Cell  Capacity 

Weight 

Power  Required 


1.  Cap 

2.  Cap  Screw  (6) 

3.  Cell 

4.  Stopper 

5.  Stopcock 

6.  Clamp 


0-  to  §l^ppt 
0. 0004  ppt 
±0. 003  ppt 

±0.  002  ppt  for  variation  of  ±3°C 
between  'sample  and  standard  ' 

0°Cto40°C^ 
±0.5°C* 


•9  x  15  x  20  inches 
50  cc  1 
36  lbs. 

115  or  230  VAC;50-60  Hz  }  \  ph 


r 
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1.  Stirrer  Drive  Motor 

2.  Stirrer  MotOrPulley 

3.  Collar 
4/  Cam 

5.  Bearing 

6.  Pump 

7.  Overflow  Tube- 


8«  Overflow  Jar 
9.  Overflow  Jar  Cap  ^ 
jfSlfijf  Hollow  Screws  (2)' 
/^i^Nuts  and  JVjfehers  (2) 
*     1'2.  Vacuum  Control  Valve 
;      13.  Set  Screw  ^ 

14.  Pump  Drive  Motor 


( 

Figure  95,—  Overflow  Bowl  and  Pump  Details. 
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PROCESSING  LABORATORY  AREAS 
•  AND  ASSOCIATED  EQUIPMENT 

LABORATORY  SPACES 

Shipboard  laboratory  space  is  generally  di- 
vided into  iMp  areas:  the  wet-lab  and  the  dry- 
lab.  The  ^Pfipment  required  in* the  wet-lab  is 
generally  limited  to  storage  racks  for  the  various 
^pieces  of  equipment  that  are  used  over  the  side, 
such  as  the  STD  underwater  unit,  water  samplers, 
BT's,  Rosette  Multi-Sampler,  nets,  corers;  or 
almost  any  other  piece  of*  oceanographic  gear 
that  may  be  used  on  a  particular  oceanographic 
cruise. 

The  dry-lab  is  used  to  process  the  data 
collected.  The.  STD  deck  terminal  equipment  is 
normally  located  in  the  dry  lab-  A  portion  of 
the  dry  lab  is  often  adapted  -for  use  as  a  chem- 
istry lab.  Whatever  the  situation  is  on  your 
particular%^ssel,  the  following  paragraphs  are 
concerned  with  general  features  and  equipment 

•  associated  with  laboratory  spaces  on  a  vessel 
that  has  a  broad  capability  for  oceanographic 

*  work,  * 

An  arrangement  for  racking  the  Nansen 
bottles  or  other  water  samplers  is  essential 
for  proper  conduct  of  operations;  The  rack 
should  be  fabricated  to  hold  the  necessary  num- 
ber of  samplers  normally  required  so  that 
the  sampfers  are  side  by  side.  It  must  be  con- 
structed so  that  the  samplers  are  held  securely 
in  a  vertical  position  and  yet  can  be  removed 
easily.    Below   each  waler  sampler,"  the  rack 

"-should  have  compartments  to  hold  several  water 
sample  .bottles  (figure  96)  ♦  The  rack  should 
be  near  the  platform  working  area  and  protected 
from  the  weather.  The  rack  should  be  constructed 

.  so  that  the  reversing  thermometers  may  be 
easily  read^while  they  are  mounted  on  the  water 
sampler  (figure  97).  A  drainage  system  should 
be  near  the  mounting  rack  so  that  sample  bottles- 
as  well  as  the  \yater  samplers  themselves  may 

,  conveniently  £e  dfained. 

Othur  suitable  racks  or  storage  areas  should 
be  constructed  for  other,  necessary  equipment, 
such  as  the  oceanographip  weight,  meter  wheel, 
block,  and  safety  equipmeht*  ^ 

.  ,%  Sea  rac^s  for  glassware,  chemicals,  samples,' 
and  other  apparatus  should  be  available  in  the 
dry- lab  area. f  Laboratory   space  is  generally 


Figure  96,—  Nansen  bottle  rack. 


Figure  97.—  Reading  the  reversing  thermometer 
9 1  with  viewer, 

limited  and  must  be  used  to  the  utmost;  there- 
fore, efficient  arrangement  of  equipment  will 
reduce  unnecessary  work  and  is  vital  to  the 
personnel  wbrking  in  teams  to  keep  ahead  of 
Vbacklog  of  samples, 

LABORATORY  EQUIPMENT 

A  properly  equipped  laboratory  requires 
workbenches,  storage  cabinets,  drawers,  racks, 
shelves,  tables,  sinks,  adequate  lighting,  and  a 
,  ventilation  and  temperature  control  system, 
WorkbencKes  should  be  -of  the 
laboratory  work.  The  bene 
acidproof  composition;  the 
commercial  laboratory  bench 


wood  top  coated  with  black  acia^resistant  paint. 
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TABLE  9  -  APPARATUS  AND  GLASSWARE 
ITEM  AND  SPECIFICATIONS 
Bottles,  dropping 
Bottles,  glass 
BottJer  polyethylene  ' 
Bottle,  polyethylene 
Burette,  Automatic 

Clamp,  burette 
Cylinder,  graduated' 
Cylinder,  graduated 
Flask,  Erlenmeyer  > 
Flask,  filtering 
Flask,  volumetric 
Flask,  volumetric  ;. 
Flask,  volumetric 
Magnetic  stirrer " 

Magnetic  stirring  bar 

Pipet,  automatic,  Lowy 

Pipet,.  volumetric 

Pipet,  volumetric, 

'  Pipet,  automatic  plunger 
type 

Pipet  spare  barrel 

Rubber  bulb 

Rubber  bulb 

Stoppers,  rubber 

Stoppers,  rubber 

Stopper  ties,  rubber 

Support  stand,  for  " 
burette 

Tubing,  Standard  wall 
Tubing,  tygon 
Tubing,  tygon 
Glassware  brushes  " 
Laboratory  detergent 


QUANTITY 


•» With  ^1  <4 Q  Hrnnnor  o«H  ^nKKn«> 

tMl  5**00  urupper  una  ruoDer  oulo 

-30  ml  capacity 

2 

—narrow  mouth   err  on  nH  abec  c+r\r\rsn.~ 

* v             gxv^uiiu  Hiaoo  stopper  ♦ 

-125  ml  capacity 

124 

—  SCrew  caD  narmu/  mmifh 

-1  gallon  capacity 

1 

""SCreW  CaD    nar7Y)U/  mnnfK 

-16  ounce  capacity 

12 

\j  nay   otVf/LU.J.K  tcIlOn  P*Ug  » 

smallest* scale  division  0.05  nil 

< 

-10  ml  capacity 

-double  holder*' 

1 
1 

-glass 

*  * 
-  -100  ml  capacity 

2 

-glass 

-10  ml  capacity* 

2 

rpyrex       .                          ^  k 

-125  ml  capacity 

12 

-with  side  arm  Dvrex 

-p(So  ml  capacity, 

2 

-  Ray  Sorb,  with  ground  glass  stopper 

-250,  ml  capacity 

2 

-with  ground  glass  stopper 

-100  rhl  capacity 

2 

-with  ground  glass  stopper 

-1000  ml  capacity 

2 

-115  V  variable  speod  approximate 

size  5M  y  5M  v  5M 

1 

tcxiua  ^uiiiea-approximateiy  5/16    x  7/8 

3 

-ground  glass  vent  stopcocks  * 

-50  ml  capacity 

2 

-100  ml  capacity 

2  , 

'-S  ml  capacity 

2 

-2  ml  capacity 

9  5 

a 

-tbr  automatic  plunger  type 

-2  ml  capacity 

6  ' 

-heavy  duty  » 

-4  ounces 

t 

1 

-pressure 

-3  jounces 

1  lb 

-2  holes 

-number  7 

-one  hole 

-number  1 

1  lb 

*-approx.  size  of  base  7M  x  12", 
height  Qf  rdd  20' 9  . 

-flint  glass  8mm  CX*  D.  ■ 

-3/8'MO.  DM  1/4",  L 

'  -heavy  wall  5/8"  O.  D;,  1/4m  I.  i 

-assorted  sizes 


200 
1 

1  lb 
50  ft 
20' ft 

6 

2  lbs 
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Table  10,-;  Chemical  Reagents. 


Item  and' Soeci f ? cations 
Aual  ine  iodide  reagent 

Concenrrareo  riydrocnloric  Acio  (6*  bottles)  or  Sulfuric  Acio  C9#  bottles) 

i  « 

Disti I  led  water 

Manganous  sulfate  (or  chloride  solution) 
°otassium  Di-iooate  standard  0. Or  N  or  0. ION  - 

starcn  mcicaTor  soljtion,  saturated 
Chloroform,  reagent  grade 
Sodium  caroonate,  dry  powder 

I 


Sodium  tnfcsulfate  solution,  S.l^j^y 


Quantity 
2  quarts 

2  bottles 
5  gal  Ions 
2  quarts 
2  cuarts 
I  ga I  ion 
I  Quart 
1/2  pint 
I  pound 


Storage  cabinets  and  drawers'  should  be  com- 
partrnented  to  prevent  excess  motion  of  stored 
materials..  The  cabinets  and  drawers  should 
also  be  equipped  with  adequate  retaining  devices 
to  prevent  them  from  flying  open  dunng  heavy 
seas.  t 

A  table  or  a  table-hejght  portioii  of  the 
Workbench  is  necessary  tor  titrations  and  other 
analyses  that  the  analyst  must  run  while  seated. 
Shelves  ,^which  are  necessary  over  the  work- 
benches and  tables  where  chemical  titrations 
are  run,  should  be  fitted  with  sea  racks  to  hold 
the  large  bottles  or  carboys  of  standard  solutions 
to  which  the  titration  burettes  are  Connected, 

The  laboratory's  sinks  must  be  big  enough 
to  wash  large  pieces  of  glassware  and  sfttall 
oceanographic  instruments.  The  sinks  should  be 
^tainless  steel  and  must  have  acidproof  drain- 
" boards,  drains,  traps,  pipes,  seacocks,  andover- 
board  "discharge  outlets.  They  should  be  furnished 
with  hot  and  cold  fresh-water  taps  and  a  salt- 
water tap.  t  V 

It  is  recommended  that  the  laboratory  deck 
be  covered  with  acidproof  paint  or  an  acid- 
resistant  plastic  (Yinyi)  tile  and  be  provided 
with  drainage  facilities.  The  laboratory  should 
be  equipped  with  numerous  regulated  voltage 
electrical  outlets.  Compressed  air  and  vacuum 
lines  afeo  are  desirable.  N 


A  shipboard  laboratory  should  "be  furnished 
with  a  large  variety  of  miscellaneous  laboratory 
equipment.  Table  9  is  a  recommended  list  of 
apparatus  'and  glassware  required  to  perform  a 
.  program  of  oxygen  analysis.  Table  10  lists  the 
recommended  chemicals  and  chemical  reagents 
to  support  such  a  program-  Keep  in  mind  'that 
requirement^  vary  considerably  for  different 
projects  and/or  surveys, 

MAINTENANCE  AND  SAFETY  PRECAUTIONS 

Two  things  that  are  very  important  in  op- 
erating a.  shipboard  laboratory  are  neatness  and 
cleanliness,  A  sloppy  laboratory  catt  quickly  be- 
come chaos.  As  soon  as  you  have  used  apiece 
of  equipment,  clean  it  and  return  it  to  its  proper 
place  of  stowage.  Considerable  time  can  be  lost 
searching1  for  a  particular  flask  or  graduate 
only  to  find  it  broken  or  too  dirty  to  use.  Chipped^ 
glassware  is  dangerous;  avoid  using  it.  Clothing 
can  be  ruined  and  skin  burned  if  spilled  acids 
are  not  cleanecLup  immediately. 

Although  each  method  of  analysis  ha^  detailed 
instructions  for  handling  and  cleaning  its  pajtic-^ 
ular  equipment,  the  seagoing  technician  must  . 
familiarize  himself  with  basic  laboratory  pre- 
cautions. At  times,  you  will  have  to  handle 
chemicals  that  are  corrosive  and  toxic.  Because 
of  the  dangers  involved,  exercise  extreme  care 
at  all  times  when  handling  these  chemicals. 
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Most  laboratory  equipment  is  delicate,  and  some 
is  specially  made  and  is  difficult  to  obtain.* 
.  Costly  "damage  and  personal  injury  can  result 
iAsuch  material  is  handled  carfelessly.  It  is 

"  obvious,  therefore,.  ttfat  the  sWpboird  laboratory 
is  a  space 'in  which  only  gu&£ligd  personnel 
should  be  authorized,  The;  laboratory  should 
never,  under  any  circumstances,  b4  used  as' a 

^  general  passageway  or  lounge. 

The  laboratory  must  be  well  ventilated  to 
remove. any  toxic  valors  created  by  chentfcals. 
Since  several  types  of  equipment  for  sea  water 
analysis  are  calibrated  at  20#  to  25*  Cf  it  is 
desirable  that  "the  laboratory  be  kept  in  this 
temperature  range. 

Several  types  of  titration  analyses  utilize 
color-c&ange  end  ^points.  For  this  reason;  it 
is  important  that  the  lighting  of  the  laboratory 
be  of  high  quality.  ^Fluorescent  lights  of  the 
.daylight  type  are  recommended.  Smoking  is  not 
recommended  in  the  area  for  many  reasons. 
In  an  area  of  analysis  involving  refraction  of 
light,  the  light-blue, cigarette  smoke  will  cause 
erroneous  readings. 

A  large  portion  of  the  laboratory  equipment 
used  at  sea  consists  of  delicate  glassware. 
Although  these  beakers,  graduates,  burettes, 
pipettes,#  flasks,  etc.,  are  each  designed  for  par- 
ticular functions,  they  unfortunately  are  of  very 
awkward  shapes  and  sizes  for  stowage,  (See 
figure  98.)  It  1%  recommended  that  only  those 
pieces  of  equipment  in  fairly  frequent  use  be 
arranged  in  sea  racks.  The  remaining  spares 
and  seldom-used  pieces  should  be  wrapped  lib- 
erally with  soft  packing  material  and  "stowed  in 
drawers  or  bins  so  they  will  be  unaffected  by 
motion  of  the  ship  in  rough  weather.  Do  not 
crowd  glassware  in  drawers  ~ 

Stow  chemicals  in  bottles  or  jars  with  screw 
caps  or  stoppers  and  pack  the  bottles  or  jars 
in  cabinets  or  drawers  with  dependable^  latches  .. 
or  locks.  Wrap  fragile  bottles  with  soft  packing 
material  to  prevent  (^ptact  withVone  anofher*and 
to  keep  them  from  moving  aboutf  with  the  motion 
of  the  ship.  Stow  liquids  uplighUn  tightly  capped 
bottles  in  sea  racks  or  compartmented  bins. 

Stow  strong  .acids  and  bases  in  racks  or' 
"bina  that  are  well  ventilated  and  equipped  with 
a  drain  to  dispose  of  spilled  solution  in  the  event 
of  breakage.  The  drain  should  lead  to  aaoverbqard 


discharge.  One  method  is  to  construct  a  ^ack 
.  at  the  bafck  of  one '  of  the  laboratory  sinks 
that  will  drain  into  the, sink.  Remember  that 
it  is  far  better  to  discard  a  reagent  than  to  per- 
mit unsafe  stowage. 

•  Wheii  handling  chemicals,  wear  a  laboratrpy 
ipron  or  coat..  While  you  a>r%e  handling  strong^ 
^chemicals,  wear  rubber  j$c$fca  &£d  safety^roggles  1 
if  there  is  a  possibility^  o£%njury  from^^fet. 
chemical  reaction  or  splasliing,  The  safest^m^BiSd» 
to  mix  abid' solutidtos  is  to  place  a  fcontaihef". 
o(  water  - in  a  cold  water  bath,  stir  the  water 
Constantly  wi'th  a  stirring  rod,  and  pour  the 'acid 
slowly  into  the  water.  NEVER,  POUR  WAJER 
INTO  ACID.  Keep  acid  away  from  combustible 
material  at  all  times.  - 

\  r 

The  most  serious  accidents  that  occur  in  a 
laboratory  usually  result  from cdntaet withstrong 
chemicals.  It  is  important  that  safety  and  first 
aid  equipment  be  readily  available.  In  addition 
to  a  first  aid  kit,  an  overhead  quick-pull,  safety 
shower  or  some  similar  apparatus  should  be 
provided.  If  a  corrosive  chemical  is  spilled  on 
any  part  of  the  -body,  flush  the  contaminated 
area  immediately  with  large  quantities  of  water. 
Vinegar  is  effective  in  neutralizing  the  area  after 
large  amounts  of  water  have  been  used.  In  the 
event  of  contact  between  the  skin  atnd  aci>d, 
rinse  the  area  tfith  large  quantities  of  tap  water 
and  then'  apply  sodium*  carbonate  to  neutralize 
the  area, 

Keeping  laboratory  glassware  atid  other 
equipment  clean  is  of  extreme  importance.  Con- 
tamination of  samples  will  result  in  invalid 
analyses  if  dirty  glassware  is*  used.  Always 
clean  and  dry  the  workbench  tops  and  tables  after^ 
completing  analysis  of  samples  or  after'making 
up  chemical -solutions,  ,  ,  * 

Before  setting  up  titration  apparatus  (figure 
99),  clean  meticulously  the  burettes  and  pipettes 
to  be  used.  Inspect  them  frequehtly  during  analyses 
and  reclean  them  at  the  first  signs  of  adherence 
of  solutions  qy  samples  to  the  inner  sides  of  the 
glass.  The  results  of  an  analysis  can  be  distorted 
greatly  by  the  presence  of  a  SINGLE  droplet  of 

.  solutiop  or  partidle  of  grease  adhering  to  the 
insicie  of  the  pipette  or  burette.  For  example,' 
a  one- drop  error  in  delivery  of  the  Knudsen 

'  pipette  can  cause  an  error  of  0.16  parts  per 
thousand  of  salinity.  ' 
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Volunetn:  flask 


Volunetnc  pipet. 


Burette  reading. 


Automat i c  plunger  type  prpet. 


J 


Figure  98. 
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The  following,  method  is  recommended  for 
I     cleaning  glassware.  Rinse  the  instruments  inside 
and  out  with  fresh  wafer  and  fill  them  with  a 
special  acid-dichromate  cleaning  solutign.  Be- 
cause- this  solution  is  very  concentrated,  wear 
safety  goggles  and  rubber  gloves  when  handling 
this  solution.  Do  not  let  the  solution  come  in 
contact  with  the  graduations  or.  other  markings 
on  a  burette,  as  it  will  remove  the  color  from 
the  lines  and  figures.  Leave  the  solution  in  the 
instruments  for  at  least  12  hours.  Drain  the 
acid-dichromate  solution  carefully  from  the  in- 
strument and  return  the  solution  to  its  container 
for   reuse.    Rinse  the  instrument  for  about  5 
minutes   in  tap  water  and  then  make  a  final 
t   rinse  with  distilled  water.  If  there  is  any  sign 
of  water  adhering  to  the  inside  of  the  instrument, 
fill  the  instrument  again  with -the  cleaning  solu- 
^      tion  and  let  it  stand  for  at  least  2  hours.  ' 

If  the  instrument  is  clean,  remove  the  stop- 
cocks and  allow  them  to  dry;  then  lubricate 
and  reassemble  them.  ^The  pipette  or  burette 
is  now  ready  to  be  set  up  for  titrations.  When 
running  the  titrations,  keep  a  close  watch  on 
the  condition -of  these  instruments.  At^the  first 
evidence  of  droplets  adhering  to  the  inside, 
clean  the  instruments  again. 

The  acid-dichromate  solution  is  prepared 
from  concentrated  sulfuric  acid  and  a  com- 
mercially available  solution  called  Chromerge. 
To  prepare  the  solution,  proceed  as  follows: 

1.  Slowly  add  a  small  bottle  of  Chromerge 
concentrate  into  a  9- pound  .bottle  of  con- 
centrated sulfuric  acid. 

2.  Recap  the  9-pound  bottle  tightly  and  mix 
well." 

3.  Allow  the  slightly  warmed  mixture  ■  to 
cool  f  to   room  temperature  before  using. 

'*  ' 

(Wear  pubbejr  gloves  and  goggles  during  pre- 
paration of '  the   solution:.)  A  crystalline  pre-, 
cipitate  4will  f^rm  at  the  bottom  of  the  bottle. 
The  precipitate  indicates  that  the  solution  is  - 
saturated  and?- may  be  used 'over  aga*in  as  long 
as  the  precipitate  regains.  When  the  dark  brown  1 
color  of  the  solution  begins  t<s  show  a  greenish 
hue,  it  is  an  indication  that  too  many  impurities  * 
are  present.  The  solution  should  be  disposed 
»    of  and  a  new  solution  made  up. 


SAMPLING  NETS 

Biological  sampling  nets  are  designed  for 
various  purposes.  Some  nets  can  be  used  only 
when  a  ship  is  stopped  or  at  anchor,  and  other 
nets  are  designed  to  take  samples  while  a  ship 
is  drifting  or  underway.  Certain  nets  can  be 
used  to  obtain  samples  . only  at  the  surface,  and 
still  others  can  be  used  to  collect  samples  from 
any  depth  desired.  Net  mesh  sizes  vary.  The 
selection  of  the  mesh  size  depends  on  the  or- 
ganisms sought.  Qualitative  sampler!  sieve  or- 
ganisms from  the  water,  but, they  do  not  measure 
the  volume  of  water  that  passes  through  the  net. 
On  the  other  hand,  quantitative  samplers  not 
only  sieve  organisms  but  also  measure  the  volume 
of  water  filtered.  (See  figure  100.) 

A  qualitative  plankton  sampling  net  is  shown 
in  figure  101.  The  net  is  cone  shaped,  and  its 
opening  at  the  large  end  is  fitted  with  reinforced 
eyes  and  is  lashed  to  a  metal  ring.  The  small* 
or  cod,  end  of  the  net  is  attached  tg  the  sampl*L 
bucket.  The  qualitative  -plankton  sampling  fjete^ 
most  commonly  used  have  one-meter,  half-meterr 
and'  30-centimeter  metal  rings,  and  are  approxr 
imately  5  meters,  3  meters,  and  one  meter  iong, 
"respectively. 

The  qualitative'  plankton  sampling  net' is 
simple  to  operate,;  the  only  tool  required  is  a 
medium  size  screwdriver.  The  qualitative  plank- 
ton net  may  be  towed  either  vertically,  obliquely,  , 
or  horizontally.  After  an  operation  is  completed,  " 
0  rinse  the  net  and  bucket  in  fresh  water  to*  remove 
any.  plankton  that  may  have  adhered  to  the  sampler; 
then,  dry  *the^  net  in  the  shade,  (Keep  oil  and 
grease  off  the  net.)  ~ 

CLARKE- BUMPUS  '  ' 

QUANTITATIVE  PLANKTON  SAMPLER 

A  Clarke- Bumpus  quantitative  plankton  sam-,  %k 
prer  is  shown,  irffigures  102~and  103.  It  is  designed' 
ttp  be  opened  and  closed  at  a  desired  ^epth,  and 
it  is  equipped  with  a  flow  meter  that  measures 
the  volume  of  water  passing  through  the  net. 
Thus,  a  quantitative  plankton  sample  can  be  taken  i 
at  a  desired  depth  by  means  of  this  sampler 
without  contamination  from  plankton  in  over- 
lying water  strata. 

After  an  operation  is  completed,  rinse  the    *  „ 
sampler  in  fresh  water,  dry  it/  and  lubricate 
all   metal   parts   with^  a   light  coating  of  oil/ 
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Figure  101.—  The  half-meter  qualitative 
plankton  net. 
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Figure  103.—  Side  view  of  Clarke-Bumpus 
plankton  sampler. 


Figure  102.—  Clarke-  Burfipus  "quantitative 
pi  ankton  Vampl  e  r , 


'   Figure  104.—  The  midwater  trawl 


Remove  the  net  and  dry.it  in  a  shaded  area 
I  before  storing  the  net.  (Keep  oil  off  the  net.) 

ISACCS-KIDD  MIDWATER  TRAWL 

The  Isaccs-Kidd  midwater  trawl  shown  in 
'figure  104  .was  developed  at  the 'University,  qf. 
California,  Scripps  Institution  of  Oceanography. 
It  is  capable  of  collecting  some  of  the  targe 
4  "knd  more  active  nekton  forms  found  in  the  ocean. 

as  implied  by  its  name,  the  trawl  was  designed 
■   primarily  for  use  in  midwater*  that  is,  ocean 
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water  below  the  surface  layers.  An  ordinary 
net  will  surface  behind  the  towing  vessel  unless 
hauled  at  extremely  slow  speeds.  To  counteract 
this  tendency,  the.midwater  trawl  has  an  inclined 
plane  surface  rigged  in  front  of  the  net  entrance 
This  surface  or  vane  acts  as  a  depressor  m  a 
manner  opposite  to  the  elevating  action  of  a 
kite  surface." 

The  midwater  trawl  is  essentially  an  asym- 
metrical cone  of  2  1/2-inch  stretch  mesh  It 
has  a  10-  or  15-foot . pentagonal  mouth,  it  is 
31-  or  72-feet  long,  and  it  has  a  round  opening 
at  the  cod  end.  From  a  point  3  feet  from  the 
end,  an  additional  netting  of  1/2-inch  stretch 
mesh  is  attached  as  a  lining,  and  a  perforated 
sample  container  is  fastened  to  the  cod  end 
of  the  trawl  by  draw  strings. 

Placing  a  trawl  in  the  water  is  dependent 
upon  the  characteristics  of  the  towing  ship  and 
upon  the  number  df  men  and  equipment  available  ' 
for  handling.  Generally  speaking,  however,  the 
cod  end  is  put  over  the  side  with  bare  way  on 
As  soon  as  the  cod  end  is  streamed  and  the 
net  is  flowing  freely,  the  depressor  should  be 
owered  just  below  the  surface.  If  the  trawl  is 
lowered  ove*  the  side  rather  than  the  stern, 
fouling  in  the  ship's  screws  can  be  avoided  by 
making  a  gradual  inside  turn  until  the  trawl  is 
streaming  well  aft. 

If  properly  streamed,  the  V-shaped  depressor 
will  not.  only  cause  the  net  to  dive  but  will  also 
funnel  .additional  "water  into  the  mouth  of  the 
net,  keeping  the  net  billowed  out.  As  soon  as 
this  occurs  and  the  net  is  well  clear  of  the  ship 
the  ship's  speed  should  be  increased  to  the  speed 
that  will  produce  the  desired  towing  speed, ^ith  " 
consideration  for  the  relative  motion  lost  due 
.to  the  pay-out  speed  of  the  towing  cable  from 
the  winch.  A  continuous  watch  on  a  dynamometer 
should  be  maintained,  especially  during  lowering 
and  retrieving,  or  during  Changes  in  weather 
conditions,  to  avoid,  straining  or  .parting-  the 
towlrig  cable  or  trawl. 


A   trawl  will  then  -stabilize  itself  at  a  depth7 
dependent .  upon  the  trawhng  speed,  cable  diamA 
eter,  etc.  .       .  r 


An  alternate  and  perhaps  better  way  of 
Streaming  the  net  .is  to  out-  cable  with  the 
ship  having  just  enough  way  »on  to  prevent  the 
trawl  from  fouling  itself.  This  method  allows 
a  trawl  to  sink  more  rapidly  to  the/  desired 
trawling  depth.  When  it  is  estimated  that  this 
depth-  has  been  reached,  the  ship's  speed  should 
be  increased  to  the  desired  trawling  speed. 


When  it  is  estimated  that  enough  cable  Ws 
been  payed  out  to  place  a  trawl  at  a  desired 
trawling  depth,  the  ship's  speed  should  be  slowed 
to  the  intended  trawling,  speed  simultaneously  as 
the  winch  is  stopped.  Reasonable  maneuvering 
can  be  accomplished  by  the  ship  during  trawling. 
The  length  of  the  trawling  period  should  be  at 
least  several  hours.  At  an  early  point  in  op- 
.  erations,  a  trial  series  of  tows  should  be  run 
so  that  a  graph  can  be  drawn  to  show  the  neces- 
sary ,  amount  of  cable  to  be  payed  out  for  a 
certain  depth  when  hauled  at  a  certain  speed. 

After  a  trawling  period  is  over,  the  ship 
should  be  slowed  to  a  desired  trawling  speed, 
less  the  speed  of  cable  recovery  by  the  winch 
The  slowing  of  the  ship  as  the  Winch  begins 
to   retrieve   the  wire  must  be  a  smooth  op- 
•  e  ration,  so  that  the  actual  net  speed  always  re- 
mains the  same.  Any  time  the  retrieving  action 
is  stopped,  the  ship's  speed  shoiild  be  increased 
again  to  the  desired  trawling,  speed.  Caution 
should  be  taken  at  all  times  to  see  that  the 
actual  .trawling  speed  of  a  net  is  kept  constant 
to  avoid  excessive  strain  from  an  increase  in 
speed  and  to  avoid  allowing, entrapped  animals* 
to  escape  with  a  decrease  in  speed.  Any  increase 
in  trawling  speed  may  cause  the  trawl  to  dive 
more  steeply.  This  additional  deepening  must  be 
taken  into  consideration  if  tows  are  being  made 
close  to  the  bottom. 

Because  of  the  additional  strains  due  to 
"  the  surging  of  the  towing  ship  during  heavy 
sweH,  th6  trawl  normally  will  be  used  in  fair 
weatT^r.  Special  emphasis  should  be  placed  on 
trawlinfe  whejti  a  pronounced  deep  scattering  layer 
is  indicated  on  the  echo-sounder. 

The,  depjh  of  towing  is  of  prime  importance;  : 
and  any  depth  gage  available.ahd  suitable  should 
be  used  if  possible.  Experimentation  such  as  the  v 
use  of  explosives-  or  fish  poison  (a  seepage 
container  of  rotenone)  in  front  of  the  net  entrance;  ' 
the  use  of  a  half-meter  plankton  net  of  coarse 
meshMn  place  of  the  cod- end, can,  or  the  instal- 
lation x>f  several  truncated  cones  of  netting  within 
the  cod  end  (similar  to  a  fish  weir)  to  prevent 
fish  from  escaping  the  net  may  be  desired. 
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.  After  using  the  net,  it  is  not  necessary  to 
rinse  it  in  fresh  water,  but  spread  it  out,  thor- 
oughly dry  it,  and  then  store,  it.  NEVER  store 
the  net  in  a  damp  condition. 

?    CURRENT  MEASURING  INSTRUMENTS 

Probabh  more  types  of  instruments  are  used 
for  measuring  currents  than  for  measuring  any 
other  single  element  of  oceanography.  Devices 
range  from  the  simple  drift  bottle  to  sophis- 
ticated electronic  instruments. _ 

Types  of  current-measunnginstruments may 
be  divided  into  four  broad  and  general  categories: 
•free-floating,  fixed,  tethered,  and  shipboard. 
Those  in  the  first  category  include  dye  marks 
and  floats,  or  drogues,  that  can  be  observed 
from  ship,  shore,  or  aircraft.  Those  in  the 
second  category  include  instruments  that  are 
attached  to  piers,  towers,  or  beacons,  or  are 
placer!  on  the  bottom  of  rivers,  bays,  estuaries, 
and  other  near-shore  areas.  Those  of  the  third 
category  incTJide  buoys  in  either  deep  or  shallow 
water^m^tpose  of  the  fourth  category  include 
'msjptnrients  that  can  be  operated  when  the  ship 
isoindenvay  or  anchored. 

DYE  MARKS 

Dye  marks  are  used  to  determine  current  pat- 
-  terns  m  coastal  waters'.  This  technique  involves 
releasing  quantities  of  dye  at  a  given  point  and 
checking  the  dispersion  of  the  dye  by  -means  of 
visual  observation,  color  photography,  or  fluor- 
ometric  measurement.  In  some  applications, 
divers  carry  containers  of  dye  to  a  predetermined 
depth  and  release  it,  and  in  other  projects,  the 
dye  may  be  dumped  over  the  side  of*  a  vessel. 

PARACHUTE  DROGUES 

The  parachute-drogue  method  of  measuring  < 
current   speed   and  direction  has  become  in- 
creasingly more  important  during  recent  years^ 
In- -making  these  "observations,  an  improvised 
array   consisting  of  a  parachute,  a  length  of 
wire  rope,  and  a  lighted,  radar  reflector  equip-  , 
ped  ljuoy  Ls  launched  from. a. ship  and  is  tracked. 
-Sitfce  the  parachute  sinks  to  a-  predetermined, 
depth,   opens,    and   moves  with  the  prevailing 
currents,  tracking  the  Surface  buoy  and  record- 
ing the  time  and  position  results  i;i  a  record 
of  current   speed  and  direction.  This  method 
is  very  Satisfactory  for  measuring  surface,  and 


shallow  water  current  velocity ,  but  because 
of  a  drag  force  and  depth  uncertainty drogues 
are  less  accurate  for  deeper  observations. 

The  technique  of  launching  a  series  of  dro- 
gues with  parachutes  at  various  depths  is  es- 
pecially effective  where  counter  currents  ex.ist 
or  where  topography  may  have  an  influence  on 
currents.  The  path  followed  by  the  drogue  will 
be  that  of  the  general  water  mass,  and  internal 
waves  or  minor  current  fluctuations  generally 
will  not  be  reflected;  however,  by  recording 
positions  at  more  frequent  intervals,  rotary  tidal 
currents  and  changing  current  patterns  can  be 
detected. 

The  parachute-drogue  array  used  by  NAV- 
OCLANO  is  shown  in  figure  105.  The  para- 
chutes usually  are  surplus  material;  and  the 
aluminum  TV  antenna  poles,  styrofoam  block, 
radar  reflector  and  light,  chains,  connectors, 
cables,  and  weights  are  relatively  inexpensive. 
The  entire  array  can  be  considered  expendable 
if  it  does  eventually  sink  or  becomes  lost.  Con- 
crete blocks  often  are  used  for  weights, 

EKMAN  CURRENT  METER 

The  Ekman  current  meter  was  developed 
by  Dr.  V.  Walfred  Ekman,  a  Swedish  scientist. 


>*£*  * 
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Figure  105.—  Paracjuite  drogue  array. 
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The  meter,  (figure  106)  is  designed  to  give  cur-  . 
rent  speed  and  direction  at  any  depth.  The 
speed^measuring  mechanism  consists  of  an  im- 
peller, or  screw,  and  a  shaft  connected  to  a 
set  of  dials  which  indicate  impeller  revolutions. 
The  direction  device  -  consists  of  a  magnetic 
compass  and  compass-ball  receptacle.  The 
receptacle  is  divided  into  36  chambers,  each 
t  representing  10  of  azimuth.  As  the  unpelle^ 
rotates,  bronze  balls  fall,  one  at  a  time,  from 
their  reservoir  onto  the  lop  of  the  compass 
needle  and,  depending  on  the  heading  of  the 
meter,  are  guided  to  one  of  the  I0fl  direction 
chambers.  This  gives  the  direction  toward  which 
the  current  is  flowing. 

•  The  current  meter  is  lowered  by  either  the 
t  oceanographic  or  bathythermograph  winch,  using 
3/32-,  5/32-,  or  3/l6-inch  wire.- The  impeller 
is  locked  during  lowering  and  hoisting.  One  mes- 
senger is  sent  down  the  wire  to  unlock  4he  im- 
peller and  to  set  the  meter  .in  operation.  t  A 
second  messenger  is  sent  down  to  lock  the  im- 
peller ^J^fore  hoisting.  The  platform  from  whicH* 
the  Eckman  current  meter  is  suspended  should 

be  anchored  to  obtain  valid  measurements. 

> 

The  Ekman  current  meter  is  a  delicate  in- 
strument, and  it  requires  careful  handling.  After 
each  current-measurement  operation,  rinse  the 
meter  with  fresh  water  and  lightly  oil  all  moving 
parts. 

* 

ROBERTS  RADIO  CURRENT  METER 
» 

The  Roberts  radio  current  meter  is  an  in- 
strument Resigned  to  measure  current  speed 
and  direction.  As  the  word  "radio"  in  its  name 
description  implies,  this  meter  was  designed 
to  be  us^d  as  a  part  of  a  current-measuring 
system  that  transmits  current  data  to  the  ob- 
server -by  "radio.  VVhen  the  meter  and  the  system 
of  radio  transmission  and  remote  monitoring 
oi  the  cu£r§nt  data  were  developed  by  Captain 
Elliot  B.^  Roberts  of  the  Coast  and  Geodetic 
Survev,  the}  werp  a  marked  improvement  over 
the  -.other  methods  of  current  measurements 
in  use  at  that  time.  The  Roberts  radio  current 
meter  has  been  used  successfully  on  numerous 
surveys  for  over  10  years.  Recently,  however, 
more  sophisticated  current  meters  have  replaced 
the  Roberts  radio  current  me^er  in 
plications,  but  because  the  Roberts' 
been  used  so  extensive!}  in  the  past  a 
being  used  in  some  operations,  a  bnet 
of  the  meter  is  presented* 


sion 


Three  models  of  the  Roberts  radio  current 
meter,  along  with  the  internal  mechanism  of 
a  meter,  are  shown  in* figure  107.  The  gear 
mechanism  (cut  B)  is  enclosed  In  a  watertight 
main  body  of  the  meter,  and  the  rotation  of  the 
impeller  is  transferred  to  the  gears  through  the 
bulkhead  by  magnetic  drive.  As  the  impellerturns, 
two  devices  in  the  mechanism  make  and  break 
(cut  C)  an  electrical  circuit  to  produce  the  speed 
and  direction  signals  (cuts  D  and  E).  One  device 
is  fixed  relative  to  the  meter;  the  other  is  con- 
nected with  a  built-in  magnetic  compass.  The 
fixed  device  makes  contact  at  each  fifth  turn 
of  the  impeller;  the  other,  at  evei*y  10th  turn. 
The  frequency  of  the  contacts  serves  as  a 
measure  of  current  speed,  and  the  time  re- 
lationship of  the  contacts  serves  as  a  measure 
of  current  direction. 

Speed  and  direction  signals  are  ^relayed  via 
watertight  cable  either  to  a  buoy  or  to  a  ship. 
If  the  current  meters  are  suspended  from  an 
anchore'd  ship,  the  cable  can  be  brought  aboard 
and  the  meters  can  be  monitored  directly.  If 
the  current  meters  are,  suspended  from  a  buoy, 
the  signals  are  transmitted  by  radio  and  received 
at  a  remote-monitoring  base  station.  (See  figure 
108.) 

During  current  measurement  operations,  in- 
spect the  meter  periodically.  Remove  any  rope 
fibers,  grass,  of  biological  growth  from  the 
impeller  and  impeller  bearing.  Check  Swivels, 
electrical  and  suspension  cables,  and  ground 
tackle.  After  completing  an  operation,  rinse 
the  meters  with  fresh  water.  Extensive  repairs 
in  the  field  to  the  interior  mechanism  and  im- 
peller mount  of  the  meter  must  be  undertaken 
with  caution,  because  calibration  data  for  meters 
are  determined  by  preset  impeller  response  and 
magnetic  linkage. 

GEODYKE  MODEL  A-101  CURRENT  METER 

The  operation  of  the  Geodyne  Woods  Hole 
Oceanographic  Institute  (WHOI)  (Richardson)  cur- 
rent meter  is  described  in  this  section.  Model 
A-101  of  this  current  meter  is  used  by  NAV- 
OCEANO  at  the  present  time(figure  109). 

This  self-contained  digital-film- recording 
current  meter  measures  current  speed  from 0.05 
to  5.0  knots  and  current  direction  within  +  10°. 
The  data  are  recorded  photographically  at  sampl- 
ing intervals  controlledby  aninternal  mechanism, 
and  as  many  as  4,500  sets  of  observations  can 
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Figure  108.-  Telemetering  system  for  Egberts  radio  current  meters. 


be  recorded  on  a  100-foot  {roll  oi  aim.  The 
current  meter  may  be  programmed  to  operate 
F  for  a  period  of  several  days  or  several  months, 
depending «pn  the  frequency  of  the  observations. 
The  recording'  mechanism  is "batte  17- powered, 
and  the  meter  is  constructed  to  withstand  pres- 
sures encountered  at  water  depths-  of  5,000 
meters. 

Figure  110  shows  the  location  of  the  mam 
components  of  tb*  current  meter.  The  intelli- 
gence from  the  sensing  devices  (rotor,  vane, 
inclinometer,  compass,  and  timing  devices)  is 
transmitted  as  light  thrpugh  optical • fibers  to 
the- field  of  view  of  the  camera.  These  light 
pipes  are  referred  to  as  channels.  A  timing 
device  activates  the  light  circuits,  causing  the 
various  channels  in  the  field  of  view  to  flash 
and  be  photographed  as  a  row  of  dots.  The  meter 
can  be  programmed  to  operate  continuously^or 
at  predetermined  intervals.  When  operating  on 
INTERVAL,  the  meter  is  activate'd  one  to  12 
times'per  hour  for  a  50-second  recording  per- 
iod, depending  on  the  cam  installed  on-the  time 
mechanism.  ; 

* 

This  current  meter  requires  relatively  little 
maintenance,  After  retrieving  the  meter  and 
removing  the  data-recorrffilm,  close  the  meter, 
wash  the  exterior  with  fresh  water  and  dry,  * 


tape  tne  rotor  and  -ane  to  prevent  turning, 
and   replace   the  m«-ter  m  the  shipping  case. 

If  flooding  has  occurred  while*  the-  meter 
was    submerged,  the  data  record  will  usualh 
be  ruined,  depending  on  the  extent  of  the  Hood- 
ing. Nevertheless,  to  salvage  ihe  current  meter 
enm-jonchts  remove  the  components  (camera, 
#dock,  otc.j  from  the  instrument  assemble,  rins<. 
them  with  alcohol,  and  Jr\   thtMii.  Then  nnsi 
the  instrument  fraim*  with  iresb  water,  dry  and 
reassemble'  the  components,  clo&e  the  meter, 
and  place  the  meter  in  the  shipping  case  for 
return  to  NWnciANO  or  the  unit  that  sup- 
plied the  meter. 

Figure  111  shows  a  common  display  used 
with  the  model  a-  101  current  meter.  Figure  112 
shows  divers  actually  working  with  a  current 
meter  display. 

I  . 

GEOMAGNETIC  ELKCTROKINETOGRAPH 

The  Geomagnetic  Llectrokinetograph  (GEK) 
is  a  shipboard  current  measuring  deuce  des- 
igned to  record  tne  t-Icctrical  potential  developed 
by  the  movement  of  an  electrical  cable  and 
electrolyte  <sea  water)  through  the  earth's  .Mag- 
netic field  (figure  113),  The  GLK  measures  the 
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Pigur-  10S>.—  Gioctyiu-  model  \-101 
current  meter. 
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Figure  110.—  .Main  components  of  the 
Geodyne  current  meter. 

1  net  current,  "i.e.,   the  surface  current  minus 
the  average  currents  to  the  bottom. 

The  essential  physical  equipment  constitut- 
ing the  instrument  is: 

1,  A  matched  pair  of  ejectrodes  mounted 
200  meters  apart  on  a  two- conductor  cable 
long  enough  (ordinarily  two  or  three  times 
the  length  of  the  ship)  to-  stream  them 
astern,  away  from  the  magnetic  and'  elec- 
trochemical influences  of  the  ship. 

2.  .\  recording  potentiometer  assembly  to 
which  the  cable  is  connected. 


3.  Vi  gyrocompass  repeater  mounted  above 
or  close  to  the  recorder  assembly. 
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Figure -111,—  Geodyne  current  meter  arr; 


With  the  above  equipment,  observations  of 
the  potential  difference  developed  in  the  cable * 
are  made  when  th'e  ship  is  underway.  •  These 
potential  differences  result  from  the  athwart- 
ship  motion  both- of  the  cable  and  of  the  water 
through  the  earth's  magnetic  fi£ld.'  They  are 
rigidly  related  to  the  set  and  drift  of  the  ship 
and  thus   of  the  trailing  cable.  The  potential 
difference  changes  sign  when  currents  set  the 
ship  to  port  or  starboard.  The  magnitude  of 
the  potential  difference  depends  on  the  rate 
of  drift  normal  to  the  course/ on  the  length 
of  cable  between  electrodes,  on  the  local  strength 
of  the  vertical  component  of  the  earth's  magnetic 
'field,  and  on  the  vertical  distribution  of  water 
velocities   at  the  location,  Thnftjgh  measure- 
1  mants  of  the  potential  differences  on  two  courses 
nearly  at  right  angles,  the  drift  or  component 
velocities   in  these  two  directions  are  deter- 
mined. The  vector  sum,  or  resultant  of  these 
velocities,  is  the  n*  current  vector  for  that 
locality. 


SONAR  PINGER 

The  sonar  ping^r  is  a  brttery-powered, 
automatic  cycling,  submersible  sound  generator 
unit.  It  is  used  for  positioning  oceanographic 
equipment  within  measured  distances  of  the  ocean 
floor.  The  sonar  pinger  has  been  used  suc- 
cessfully in  underwater  photography  and  Nansen 


.Figure  112.-  Divers  planting  Geodyne  current  meter  on'tripod. 
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Figure  113.—  Measuring  currents  with  the  GEK, 


cast  operations  (figure  114).  The  pinger  trans- 
4  nuts  sonar  pulses  at  precisely  timed  intervals. 
As  the  pinger  is* lowered  toward  the  bottom 
(figure  il5),  the  transmitted  pings  are  received 
on  a  sonar  receiver  and 'displayed  on  a  mon- 
itor to  produce  'a  continuous  visual  record  of 
the  pinger- to- bottom  distance.  Since  each  sound 
pulse  is  transmitted  directly  to  the  ship  and 
also  is  reflected  by  the  bottom  back  to  the  ship, 
the  interval  between  the  time  the  direct  and  the 
reflected  pings  are  received  is: 

x        2D                  „  ,  X  Tdif 
T   c  =^rr-  *  and/or  D  

dlf  \ 


a  here     D  =  pinger- to- bottom  distance  (feet) 
V  =  velocity   of  sound  in  water 
(feet/second) 


-  time  interval  between  direct  and 
reflected  signals  (seconds) 


For  example,  if  the  pinger  is  1,250  (eet 
above  the  bottom  and  the  velocity  of  sound  \n 
water  is  assumed  to  be  approximately  5,OD0 
feet  per  second,  the  reflected  ping  will  be 
received  one-half  second  after  the  direct  ping; 


x  1,250 


0.5  seconds. 


d!fv<  5,000 

(  Likewise,  .a  ^millisecond  difference  would  in- 
-  dicate  a  distance  of  5  feet  above  the  bottom; 


\D  _  5,000  x  0.Q02 
2 


-  5  feet. 
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Figure  114«—  Sonar  pinger  replaces  weigh!  on 
Nansen  cast. 
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Figure  115.—  Sonar  pinker  bottom  positioning 
technique  for  Nansen^past  bottom^ 
temperature  measurements. 


DESCRIPTION 

The   sonar  pinger  'described  'here  is  the 
Edgerton,   Germkshau$en,   and  Gner  (EG&G), 

>  Mark'l,  Sonar  Pingbr.  The  sonar  pinger  is 
composed  of  three  main  subassemblies:  driver, 
pulse  transformer,  and  transducer..  The  driver 
generates  an  electrical  pulse  once  every  second, 
the  pulse  transformer  •  steps  up  the  voltage 
of  the  pulse,  anfi  the  transducer  cbnverts  the  high- 
voltage  electrical  pulse  into  a  high  intensity 
12  kHz  sound.  The  pinger  driver  Visassembled 
is  shown  in  figure  116.  It  consist^  Of  main 
driver  circuitry,  battery,  end  caps,  and  driver 
housing.  The  pulse  transformer  is  shown  in 
figure"  117,  It  consists  of  two  windings  housed 

'in  a  rubber- stoppered  clear  plastic  tube  filled 
with  transformer  oil.  The  transducer  is  shown 
in  figure  118;  it  contains  ADP  (Ammonium 
di-hydrogen  phosphate)  "crystals  mounted  in  par- 
allel on  a  backing  plate.  To  achieve  good  acoustic 
coupling  with  the  water,  the  aluminum  transducer 
housing  is  filled  with  dehydrated -castor  oil  and 
is  closed  with  a  special,  rubber  diaphragm.0 
In  addition  to  the  pinger,  a  hydrophone  and  its 
amplifiers,  (or  echo  sounding  equipment  'used  in 
the  passive  manner),  paper  chart  recorders,  and 
a  triggered  sweep  osciWoscopeare  requiredinthe 
sonar  pinger  operation  to  receive  and  visually 

-or  graphically  display  the  pinger  signal. 


transformer 
Connections 


i 


END  CAP 


T 

MAIN  DRIVER  n 
CIRCUITRY 


■  ^RIVER^  HOUSING 


END  CAP 


8ATTERY 


■O"  RING 


ON -OFF 
CONNECTION 


Figure  116.—  The  pinger  driver  disassembled. 
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transistors.  They  oscillate  at  Approximately  2 
kHz,  creating  a  6-volt  alternating  current,  whieh 
is  raised  to  about  420  volts  in  the  totadal  |x>w- 
er  transformer.  The  420-volt  alternating  cur- 
rent is  rectified  to  340  volts  Qirect  current, * 
which  charges  a  capacitor,  wnen  the  capacitor' 
discharges  into'the  pulse  transformer,  an  8,000- 
volt  pulse  is  generated  and  transmitted  to*  the  ' 
transducer.  The  secondary  of  the  transformer 
and  the  crystals  of  the  transducer  form  :i  tunea 
circuit  which  oscillates  at  about  12  kHz  for 
approximately  0.5  millisecond  (about '6  cycles) 
every  second.  The  sound  energy-  created  by  the 
oscillation  ot^Wjstals  is  transmitted  .through 
oil  to  the  rubb'ef^iiaphragm  and  into  the  water. 
,  >* 

NAN'SEK  CASJ  BOTTOijl  BOSITIONING 
TECHNIQUE,  \J 

Figure  119  presents  a  standard  supporting 
arrangement  for  a  sonar  pftiger  bii  a»Nansen 
cast.  The  pinger  assembly,  which  weighs  about 
150  pounds,  replaces  the .  100-pound  lead  weight 
normally  usedi  Two  or  three  Nans env  bottles 
(2  meters  apart)  are  placed  on  the  wire,  with 
the  bottom  bottte  as  near  as  practical  to  tfre 


Figure  117.—  Sonar  pinger  pu^se  transformer. 


Figure  113. Sonar  pinger  ti^ansducer. 
\ 

THEORY  OF  OPERATION* 

Operation- of  the  sonar  pinger^is  automatic. 
Once  the  pinger  is  activated,  the  unit  will  gen- 
erate a  sound  pulse  once  per  second' until  the 
battery  is  discharged  or  until  the  unit  is  turned 
off.  Every  -lO.th  pulse  is  blanked  so  that  the  dii& 
ect  and  indirect  ping  can  be  matched, 

■» 

When  activated,  6  volts  from  the  battery 
are  applied  to  the  precision-interval  timing- 
switch  rnotor  and  to  the  two  transformer  coupled 


Figure  119.—  Standard  supporting  arrangement 
for  Sonar  ping^  used  on  Nans^n  cast.  \ 
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pinger,  '  During  the  lowering  of  the  cast  and 
while  the  messenger  is  sliding  down  the  wire, 
the  pinger-to-bottom  'distance  *4s  monitored  so 
that  the  Nansen  bottles  with  the  reversing  ther- 
mometers* will  be  tripped  when  they  are  very 
near  the  ocean  floor.  . 

BOTTOM  POSITIONING*  TECHfcJQUE 

.After  a  pinger  is  activated  and  over  the  side, 
the  lowering  should  be  monitored  with  the  ship's 
echo-soundirtg  equipment,  a  Precision  Depth  Re- 
corder" (FDR)»  and  an  oscilloscope  (figures  120, 
121,  and  122), 

With  the  ship's  echo-soundingsystem,  deter- 
mine the  approximate  depth  of  water  iij  fathoms 
and  compute  the  latest  multiple  of  400  repre- 
senting this  d6pth  X400,  800,  J.,200,  etc.).  For 
■  example,  2,603  contains  2,400££s  the  largest 
multiple  of  400.  Set  the  ship's  echo  squntiing 
system  to  the  listening  mode,  and  the-PDR  to 
the  to  400-fathom  scale.  As  the  pinger  is 
lowered,  the  signal'  traces  on  the  strip  chart 
will  either  diverge  or  converge,  will  automatic- 
ally shift  when  they  reach  the  edge  of  the 
chart,  and  will  cross  when  the  pinger- to- bottdm 
distance  is  equal  to  ttye  largest  multiple  deter- 
mined for  depth.  The  traces  will  continue  to 
diverge  and. converge  ast bottom  is  approached, 


and  »at  each  crossing  the  pinger- to-bottom  dis- 
tance will  be  Less  by  400  fath<5ms  (figure"  122), 

Continue  lowering  until  the  pingtfr  is  approx- 
imately 100  fathoms  off  the  bottom  (when  traces' 
are  separated  by  about  one-fourth  the  full  scale  \ 
<ft  the  PDR);  then,  reduce  the<*vincft  speed  and 
lower  the  pinger  *with  caution;  When  the  pinger 
is  approximately  20  fathoms  off  thf^  bottomP  , 
stop  the  winch.  From  this '  point,*  cely  mainly 
on  aii  oscilloscope,  .  j 

"  *  * 

Begin  to  lower  the  cast  slowly.  Turn  the 

Time/Dhvision  dial,  to  5  milliseconds;  the  unit 
n^w  is  set  up  to  measure  pinger- to- bottom 
distance  from  37.5  meters  down  to  3.8  meters 
(see  table  11),  When  th£  pinger-to-bottom  dis- 
tance decreases  to  15  meters,  turn  the  Time/ 
Division  dial  to  2  milljieconds;  the  unit  then 
is  set  up  to  measurlf  between  15  and  1.5  meters. 
Continue  to  monitor  the  pinger- tcwbottom  dis- 
tance, paying  out  and  .taking  up  wire  as  required 
for  the  desired  depth  until  the  operation  is 
completed, .  You  are  now  ready  to  retrieve  the 
cast.  ■  1 

If  for  any  reason  the  pinger  should  cease 
to  function  during  an  operation,  r^ise  the  cast 
immediately.  The  pinger  may  be  flooded,  the 
leads  may- have  fouled,  or  one  of  the  components 
may  have  failed.  If  flooding  is  suspected,  hoist 


PINGER  ~  TO- 
BOTTOM  DISTANCE 


Figure  120,—  NAVOCEANO  scientist  usi-ng  the  Mar^L5A  Precision  Depth  Recorder 
to  determine  pinger-to^bottom  distance. 
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(b)  pscMoscope  rrld  showing  direct  pin*  at  0.  5. 
and  "10. 


I  «a)  DUpAm  of  oscilloscope  pane! 


<■>  Oscilloscope  grid.  «bouirigr  direct  pint?  at  0  and 
reflected  ping  at  »>.  (Wuh  dial  <0)  set  at  5  iniW-  * 
second*.  pinKer-to-bottom  distance  is  23  meter*.  With    *  1 
dial  (Oi  tH  at  2  milliseconds,  distance  is  0  meterT.j 


A 


Figure  121.-  Oscilloscope  monitoring  of  pinger-to-bottom  distance. 
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Table  11.—  Sonar  pinger-to-bottom  distance. 


Table  based  on  sound  velocity  of  1,500  meter?  per  «econd  (820  fathom*  per  «ocon<J) 
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the  unit  inboard  and  dram  it  by  loosening  the 
driver  lawn*  end  cap.  Check  the  O-rings  tor 
nicks  Nor  cuts.  If  Hooding  ha^  taken  place,  wash 
the  nans  with  trcsh  water  and  dry  them  before 
reassembling.  Refer  to  the  instruction  manual 
in  the  •  v^nt  that  a  component  malfunction  has 
. '.ausrd  the  trouble. -If  a  lead  was  fouled  and 
disconnected,  cover  the  connection  with^ectrical 
•  tape  and  lower  the  east  again.  Check  ty|  battery 
voltage  after  each  lowering. 


I  NDI-.UW  WLR  C  \MhHAS  ~t 

r  ndt  rw ate r  cani*-ras\na\  be  classifiedunder 
two  citigones:  tty>se  operated  in  shallow  'wafer 
oy  divers  and  those  automatic  deep  sea  systems 
that  arr  lowered  rrom  ships.  Both  groups  use 
eitiu  r  color  or  black  and  white  film. 

I'he  dtep  sea  underwater  camera  s>stems 
in  iut  >nu.t:c  systems  that  are  lowered  from 
ships  or  are  installed  on  deep  sea  submersible 
vechicl'.-.  The  Edgerton,  Germeshausen,  and 
Gmr  (HGiG)  deep-sea  underwater  camera  sys- 
tems [figure  123)  used  by  NAVOCEANO  to  pro- 
duce stereo,  double-camera,  or  single-camera 
photography  make  use  of  the  following  compon- 
ents: (1)  an  f lectriccvlly-xdriven,  35-mm  still 
camera,  (2)  light  source,  (3)  battery  pack,  (4) 
mounting  rack,  and  (5)  sona^*  pinger. 

The  camera  .5  encased  in  a  watertight  steel 
housing  tube.  (See  figure  124.)  The  housing 
tube  i?  designed  to  <$merate  to  a  maximum 
pressure  depth  of  17,500  psi.  The  camera  takes 
.•.bout  300  separate  exposures  on  a  standard 
100-foot  roii  of  film.  The  Hens,  an  f/4.5  Hopkins, 
is  specialities  igned  fo  correct  f<5r  the  dis- 
tortion introduced  when  light  passes  from  ttye 
water  thraugh  the  housing  window  to  the  air 
inside  'ha  camera  housing.  The  lens  is  pre- 
focused  to  give  a  depth  of  field  in  water  of 
about  2  1  '2  to  20  feet.  The  maximum  distance 
ibove  bottom  at  which  photographs  of  the  bottom 
are  possible  is  determined  by  the  film  speed, 
light  .nteiisity,  and  lens  aperture.- 

Illumination  for  underwater  photography  is 
prowded  each  camera  by  an  accompanying"200- 
wttt-second,  electronic  flash  (strobe)  unit  (figure 
125).  Th\»  unit  is  troclpsed"  in  a  water-tight 
*tetl  hous-ng  tube  and  ttfihzes  a  Xenon  flashtube 
which  is  fired  by  a  bank  of  capacitors.  These 


strobe  units  are  designed  to  work  in  synchro- 
nization with  the  camera  advance  motor.  \j>- 
proximately  oven'  15  seconds,  the  capacitors 
discharge  and  fire  the  strobe  light;  theft,  during 
the  next  6  seconds,  the  him  advance  motoi  moves 
the  film  to  .the  ne\t  frame;  meanwhile,  the  cap- 
.acitors  are  being  charged  to  repeat  the  cycle. 

Power  for  the  light  source  and  the  camera 
motor  is  supplied  by  two  battery  packs_ (figure 
126).  .The  packs  are  contained  in  steel  tubes 
similar  to  those  of  the  camera  and  the  light 
source.  E-ach  battery  pack  contains  two  series 
connected  six-vojt,  silver  zinc  wet-ceil  batteries 
(figure '127).  Model  280  contains  a  clock-driven 
mechanical  time. delay  switch,  and  Model  281 
contains  a  15-segond-  c> cling  device.  Batteries 
usually  must  be  recharged  after  each  lowering. 

\ 

Many  ships  use  an  adjustable  mounting  rack 
for  underwater  photography.  ¥he  racks  are  des- 
igned to  accommodate  a  variety  of  camera  ar- 
rangements. The  rack  is  constructed  of  gal- 
vanized or  stainless  steel  channel  members, 
bracked,  spring  loaded  nuts,'  bolts,  and  instru- 
ment holders.  The  spring  loaded  nuts  slide  to 
any  position  in.  the  channeL  members  so  that 
cameras,  light  sources,  battery  packs,  and  the 
pinger  can  be  mounted  to  suit  the  project  at_ 
hand. 

h  A  sonar  pinger,  which  has  already  been 
discussed,  rounds  out  the  basic  equipment  used 
in  underwater  photography.  The  positioning  tech- 
nique used  for  a  Nansen  cast  is  also  used  for 

'the  desired  camera  location. 

TRANSPARENCY  MEASUREMENT^ 
DEVICES  <• 

The  Secchi  disc  and  Forel  scale  are  used 
to  measure  water  transparency  and  water  color, 
respectively.  The  Secchi  disc  is  a  circular  plate, 
having  a  standard  diameter  of  30  centimeters.' 
One  side  is  white  and  the  other  is  black.  A 
ring  attached  at  the  center  of  the  disc  allows 
a  graduated  line  to  be  secured.  A  5-  to  7  1/2- 
pound  lead  weight  is  attached  to  the  disc  so 
the  device  will  sink  rapidly  and  1  vertically. 
The  line  attached  to  the  Secchi  disc  should 
be  marked  off  in  1-meter' intervals  to  at  least 
50  meters.  It  is^  recommended  that  1/4-inch 
tiller  line  with  a  {Phosphor  bronze  core,  which 
minimizes  stretching,  be  used. 
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Figure  123.—  Deep  sea  underwater  camera  system.  & 
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Figure  126.—  Underwater  battery  packs  (Model  280  contains  time  delay  unit  and 
Model  281  contains  15  second  cycling  device). 
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Figure  127.-  Si 


Water  color  is  most  easily  determined~~fn 
conjunction  with  the  Secchi  disc  (figure  \ 
standard  Forel  scale  is  used.  This  scale  consists 
of  a  series  of.-Tl  small  vials  containing  ammonia- 
cul  copper  sulphate  and  neutral  iwussium  ehro- 
mate  in  such  propQitions  that  a  different  grad- 
uation of  polor  xis  Imparted  lo  each  vial.  These 
vials  are  numerically  designated  arjji  are  com- 
pared directly  with  th<*  water. 


Silver  zinc  wet  cell  battery 
nd  filling  kit. 


Figure  128,-  The  Secchi  disc. 
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"UPPER-AIR  EQUIPMENT 


In  this  section  you  will  be  introduced  to 
some  of  the  equipment  generally  associated 
with  uppi-r  air  observational  programs.  As  a 
Mannt1  Science  Technician,  you  may  be  required 
to  assist  othfers*  in  such  programs,  or  in'the 
case  nf  icebreaker  duty,  an  upper  air  program 
wili^congtute  a  large  percentage  of  your  work 
load,  te^t'i^hcr  situation,  a  minimum  working 
knowledge  of  equipment  associated  with  upper 
air  onservations  will  benefit  you  in  performing 
vour  assigned  duties. 


BALLOONS 


f 


-Sounding  -balloons  used  for  upper  air  ob- 
servations are  divided  into  jthreo  major  groups: 
cuiling  balloons,  pilot  (winds  aloft  sounding) 
balloons,  and  radiosonde  sounding  balloons.  Be- 
cause there  are ^  differences  between  the  types' 
of  balloons,  the  topics  of  the  storage,  handling, 
conditioning,  and  inflation  of  these  balloons  are 
treated  individually  in  the  following  sections. 
\ 

\ 

CEILING  BALLOONS  -  - 

The  standard  balloon  specifically  designedto 
measure"  the  height  of  clouds  (ceiling)  is  the 
10-gram',  black  or  dark  blue  ceiling  balloon. 
The  ceiling  balloon  is  formally  used  to  deter- 
mine the  height  of  the  ceiling  when  the  broken 
or  overcast  layer  of  clouds  is  2,500  feet  or  less. 
Sometimes,  it  *s  desirable /to  obtain  a  more 
rapid  ascent  than  can  be  obtained  with  a  10-gram 
balloon,  for  instance,  when  taking  a  balloon  ceil- 
ing under  adverse  wind  conditions.  L'nder  ad- 
verse, conditions,  or  when  it  is  necessary  to  save 
time,  it  is  permissible  to  use  either  a  30-gram 
balloon  or  a  100-gram  balloon,  depending  on  the 
desired  ascension  rate.  When  using  either  of 
these  two  balloons,  choose  the  appropriate  color 


of  balloon;  use  red  balloons  for  thin  clouds  and 
black  balloons  under  other  conditions. 

The  Universal  Balloon  Balance  (ML-575/UM) 
is  used  to  inflate  the  10-gram  ceiling  balloon  for 
use.  The  nozzle  lift  should  be  so  adjusted. that 
^it  wgjghs^EXACTLY  43  grams  when  inflating  the 
balloon  with  helium.  +       \  * 

Since  the  ceiling  balloon  is  not  used  to  reach* 
altitudes  much  beyemd  2,500  feet,  the  rapidity 
of  inflation  is  not  highly  important;  however,  an 
attempt  should  be  mad^to  inflate  it  :n  about  3/4 
to  1  minute. 

Ceiling  balloons  should  be  stored  in  a  dry, 
warm  environment.  The  temperature  should  be 
as  high  as  possible,  but  should  not  exceed  120°  F. 
When  the  balloons  have  been  exposed  to  temper- 
atures below  freezing,  they  should  be  stored  at  a 
temperature  qf  65'  F  or  higfter  for  at.  least  12 
hours  prior  to  removal  from  their  container. 
They  should  not  be  placed  immediately  adjacent 
to  large  electric  generators  or  motors.  Motors 
and  generators  emit  ozone,  which  is  detrimental 
to  neoprene.  Balloons  lose  their  strength  with 
age;  therefore,  they  should  be  used  in  the  order 
of  their  production  dates  to  avoid  excessive  aging* 
Ceiling  balloons  need  not  be  conditioned  prior 
to  use. 


PILOT  BALLOONS 

The  balloons  used  to  obtain  pibals  „ (pilot 
balloon  observations)  are  of  two  types:  the 
30-gram  balloons  and  the  100-gram  balloons. 
Both  sizes  are  issued  in  red,  in  black,  and  in 
white.  They  are  manufactured  in  such  a  manner 
that  they  are  without  seams  and  are  nearly 
spherical  in  shape  when  inflated.  An  extension 
of  the  lower  axis,  about  2  inches  in  length,  forms 
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the  neck  or  appendix  through  which  inflation  is 
accomplished.  Two  types  of  balloons  are  now 
issued— balloons  with  a  thin  neck,  or  appendix, 
that  fits  over  the  cup-shaped  nozzle  of  the  stand- 
ard- pilot  balloon  balances,  and  those  with  .a 
thickened,  tubular  neck,  or  appendix,  that  requires 
a  rounded  nozzle  on  the  inflation  balance. 

The  numerous  pilot  balloons  used  in  wjnds 
aloft  observations  were  designed  for  various 
weather  conditions.  If  weather,  condition^  indi- 
cate^ that  the  balloon  sounding  will  reach  7  km  or 
;iiigner,  a  lOO-grafe  balloon  is  .normally  used. 
For  all  other  pibals,  the  30-gram  balloon  is  used, 
except  that  a  100-gram  balloon  may  be  used 
whenever  strong  winds  in  the  lower  levels  make 
it  probable  that  a  30-gram  balloon  would  be  blown 
-  out  of  sight"  before  reaphing  the  cloud  lay^r. 
'   Normally,  an  uncolored  balloon  is  used  with  a 
clear  sky,  ^  black-balloon  with  a  low  or  middle 
•overcast,  and  a  red  balloon  with  high  overcast 
or  with  a  white  or  grey  background. 

The  conditions  of  storage  for  pilot  balloons 
are  the  same  as  those  described  for  the  ceiling 
balloons.  The  handling  and  conditioning  of  pilot 
balloons  are  the  same  as  for  radiosonde  balloons. 

Inflation  of  pilot  balloons  should  be  accom- 
plished in  accordance  .with  the  instructions  given 
in  Circular  O. 


RADIOSONDE  AND 
RAWINSONDE  BALLOONS 

Different  sizes  of  balloons  are  used  for  upper 
air  soundings,  depending  on  the  altitude  required. 
Most  of  these  balloons  are  made  of  6eoprene  ana* 
must  be  handled  with  the  utmost  care.  Their 
construction  is  similar  to  that  of  pilot  balloons, 
except  that  they  are  uncolored,  larger,  thinner, 
and  more  flexible  than  the  pilot  balloons.  No 
'particular  size  balloon  is  considered  standard 
issue. 

Balloons  used  for  radiosonde  and  rawinsonde 
soundings  should.  Jbe  stored  in  their  original 
sealed  containers  and  in  a  room  isolated  from 
large  electric  motors  or  generators.  Ideal  temp-* 
eratures  for  storage  are  in  the  range  35#  to 
85*  F.  Temperatures  below  32*  F  and  above 
11Q#  F  should  be  avoided  during  storage\/uf,  by 
necessity,  balloons  are  stored  at  temperatures 
below  50*  F,  they  should  be  removed  to  an  area 
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having  a  temperature  of  70*  F  or  higher  for  at 
least  48  hours  prior  to  use.  < 


BALLOON  CONDITIONING 

Most  of  the  balloons  used  for  upper  air 
soundings  are  made  of  neoprene  rubber.  Balloons 
made  of  this  material  lose  part  of  their  elasticity 
as  a  result  of  long  storage  and  exposure  to  rel- 
atively low  temperatures.  If  they  are  released 
in  this  state,  they  rjprmally  burst  before  maxi- 
mum altitude  is  reached.  Therefore,  before  the 
balloons  can  be  used,  they  must  be  conditioned 
to  restore  thei^j,  elasticity.  The  two  methods  used 
to  condition  them  are  accomplished  through  use 
of  hot  water  and  dry  heat.  • 

Hot  Water  Method         .  (' 

The  hot  water  method  provides  the  most 
satisfactory  result  of  the  two  conditioning  meth- 
ods. The  equipment  needed  is  a  container  for  hot 
water  and  a  wooden  plug.  A  piece  of  twine  or  a 
rubberband  can  be  substituted  for  the  wooden 
,  plug. 

The  hot  water  container  should  be  of  smooth 
procelain  or  noncorrosive  metal  with  a  rolled  % 
top  rim  and  inner  surface  free  of  projections  or 
roughness  which  would  scratch  or  chafe  the  bal- 
loon. Additional  protection  can  be  provided  by 
fitting  a  cheesecloth  bag  in  the  container  as  a 
lining.  If  the  cheesecloth  lining  is  not  used,  a 
false  bottom  should  be  placed  in^the  conditioning 
container  to  prevent  the  balloon  from  coming  in 
contact  with  the  bottom  adjacent  to  the  heat 
source.  The  container  should  be  large  enough 
and  contain  sufficient  water  to  permit  the  balloon, 
except  for  the  neck,  to  be  submerged  without 
crowdii^. 

To  condition  the  balloon,  fill  the  container 
with  water,  bring  the  water  to  a  boil,  and  turn  off 
the  heat.  Exhaust  the  air  from  the  balloon  and 
insert  the  wooden  plug  in  the  neck.  If  a  wooden 
•  plug  is  not  available,  use  a  piece  of  twine  or  a 
rubberband  to  close  the  neck  of  the  balloon. 
Then  immerse  the  entire  balloon,  with  exception 
of  its  neck,  and  slowly  move  it  around  in  the 
water.  After  5  minutes,  remove  the  balloon 
from  the  water.  Do  not  open  the  neck  until  the 
inflation  ndzzle  is  to  be  inserted. 

Hot  tap  water  may  be  used  to  condition  neo- 
prene balloons,  but  the  conditioning  period  must 
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J>e  increased  proportionately.  The*perjod  ranges 
Afrom  5  minutes  at  212°  F  to  4  hours  at  120°^\ 
^Temperatures*  below  120°  F  do  not  satisfactorily 
'condition  neoprene  balloons. 


If  the  outside  air  temperature  is  above 40°  F, 
the  balloon  can  be  removed  from  the  conditioning 
container,  drained  free  of  excess  water,  and  in- 
flated without  delay-  If  the  outside  air  temper- 
ature is  below  4t)J  F,  the  balloon  should  be  dried 
completely  before  launching. 


UPPER  AIR 
ACCESSORY  EQUIPMENT 


The  following  descriptions  of  mechanical 
upper  air  accessory  equipments  provide  a  re- 
sume of  some  of  the  technical  and  operational 
characteristics  of  expendable  and  accessory  items 
used  In  a  sdtmding  program. 

INFLATION  KITS 


Dry  Heat  Method 

t 

The  dry  heat  method  requires>H£ondition- 
mg  chamber  in  uhich  to  suspend  the  balloon. 
The  chamber  must  be  constructed  so  that  the 
balloon  can  be  uniformly  heated,  since  uneven 
heating  causes  uneven  expansion  of  the  rubber, 
'•vith  resulting  stress  lines  that  cause  premature 
/bursting.  Uniform  heating  of.  the  balloon  /or  30 
minutes  at  a  temperature  of  212°  F  produces 
satisfactory  results.  The  conditioning  period 
must  be  extended  proportionately  longer  for 
lower  temperatures.  By  the  time  a  temperature 
of  120'  F  is  reached,  a  conditioning  period  of  8 
hours  is  required. 


If  neither  of  these  methods  can  be  tised,  neo-  V 
prene  balloons  may  be  conditioned  by  placing 
them  over  a  heater,  ^  radiator,  or  electric  lamp, 
care  being  taken  to  shield  the  balloons  from 
direct  contact  with  these  heat  sources.  Tem- 
peratures as  near  as  possible  to  the  boiling  point 
of  water  should  be  used.  The  conditioning  tem- 
perature, however,  must  not  exceed  230°  F.  (If 
latex  balloons  are  used,  no  conditioning  period 
is  required.) 


\  Universal  Balloon  Balance 
(ML-575UM) 

The  universal  balloon  balance  is  used  to 
determine  buoyancy  and  (o  Control  the  inflation  of 
lO-',  30-,  and  100-gram  balloons!  The  set  con- 
tains two  aluminum  adapters,  two  brass  adapt- 
ers, an  aluminum  valve  body,  a  brass  hook 
adapter,  and  a  weight  pan.  These  items  are 
packed  in  a  small  wooden  box. 

Balloon  Inflation  Nozzle 
Weight  KiUMK-216/GM) 

This  inflation  Wit  is  used  to  determine  the 
buoyancy  and  to  control  the  inflation  of  a  radio- 
C  sonde  baboon.  Thfc,  set  contains  two  no^zle 
assemblies  of  different  size  for  large-  and 
small- necked  balloons,  a  brass  weight  with  mount- 
ing post,  and  a  weight  stack  of  assorted  weights. 


The  balloons  are  extremely  delicate,  especi- 
ally when  in  a  softened  condition  after  the  heat 
treatment.  No  part  of  the  ballpon  except  the  neck 
s hould  be  touc hed  w  i  th  the  ba  re  hands .  Soft 
rubber  gloves*  soft  cloth  gloves,  or  some  other 
nonabrasive  material  should  be  used  to  protect 
the  balloon  when  it  is  necessary  to  handle  any 
portion  other  than  the  neck  of  the  balloon.  If 
gloves  are  not  worn*  make  certain  that  hands 
•are  clean,  fingernails  are  clipped,  and  rings  are 
removed,  particularly  rings  with:  high  crowns, 
sharp  edges,  or  prominent,  raised  figures.  Dust 
hands  with  talc. 


BALLOON  SHROUDS  ' „ 

Balloon  shrouds  are  fabric  canopies  used  to 
handle  and  release  inflated  radiosonde  balloons 
in  high  or  gusty  winds.  The  shrouds  consist  of 
nylon  parachutelike  hemispheres,  6  feet  in  di- 
ameter, with  four  flaps  that  fold  almost  com- 
pletely around  the  inflated  balloon,  but  which  have 
sufficient  spacing  between  the  flaps  or  handles 
to  allow  the  neck  of  the  balloon  to  protrude. 
(Eaqh  flap  has  a  handle.)  On  the  top  of  the  shroud 
is  an  eyepiece  which  a  string  can  be  tied.  The 
string  may  be  tied  to  some  fixed  object  or  held 
by  another  person  during  the  release. 

HELIUM  AND  ACCESSORIES 
Helium 

Helium  is  available  in  two  types;  oil-free 
and  oil-putoped.  There  are  four  different  grades; 
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grades  A,  B,  aHtk,£  are  oil-free  an3f  grade  D 
\k  oil-pumped.  The  grade  and  type  of  helium  re- 
commended for  balloon  inflation  is  grade  D, 
4Jg*  ^  oil-pumped.  Jhe  other  grades  and  type  of  helium 
may  be  used  if  necessary. 

Compressed  gas  cylinders  are  color  coded 
r  for  proper  identification.  Helium  cylinders  have 
a  gray  body;  grade  D  helium  also  has  a  gray 
cap  md  an  orange  stripe  around  the  upper  por- 
tion of  the  body,  while  the  cylinders  of  oil- 
free  grades  of  helium  are  identified  by  the  buff 
colored  cap  and  upper  or  top  part  of  "the  body. 
The  title  "HELIUM"  should  also  be  painted* 
in  white  on  the  body  of  the  cylinder. 

Helium  cylinders  contain  200  cu.  ft.  of  com- 
pressed gas  at  working  pressures  near  2,000 
psig.  when  full.  A  helium  cylinder  is  51  inches 
long,  is  9  inches  in  diameter,  and  weighs  ap- 
proximately 110  pounds.  A  cylinder  should  be 
considered  empty  when  the  gas  pressure  equals 
25  psig.  Since  cyiingers  containing  oil-pumped 
gas  are  normally  equipped  with  left-hand  threads 
on  the  valve  outlet,  check  the  thread  direction 
*  on  tne  typtf  oi  valve  you  are  using  to  prevent 
damage  to  the  cylinder  valve. 

.« — Jfa  When  you  fcandlte  compressed  gas  cylinders, 
(         ^  the  following  precautions  are  recommended: 

1,  Make  every  effort  not  to  drop  cylinders 
oi  to  strike  them  against  another  cylinder  or 

,  object. 

2,  ""  Do  not  bump  or  strike  the  discharge 
#       valve  during  handlingj)perations.  • 

3.  Ensure  th^t  the  cylinder  outlet  cap  and 
cylinder  valve  protecting  cap  are  in  place  when 
you  are  handling  the  cylinders. 

**• 

4.  Remove  the'  regulators  and  replace  the 
caps  before  moving  cylinders  to  another  location. 

r  5,  When  loading  or  transferring  cylinders, 
especially  when  using  a  crane  or  derrick,  secure 
the  cylinders  in  a  cradle,  suitable  platform,  or 
rack.  Never  use  electromagnets  to  move  cylin- 
ders. \ 

6.  tWhen  moving  a  cylinder  by,  hand,  tilt 
it  slightly  and  roll  it  on  its  bottom  elEige,  with- 
out dragging  or  sliding.  o 


7.  Never  use  hooks  or  lines  through  the 
valve  protection  cap«f6r  hoisting  cylinders. 

8.  Do  not  pr>  loose  with  crowbars  or  simi- 
lar tools  cylinders  frozen  to  the  deck  or  other- 
wise fixed. 


Stolvage  of  helium  cylinders  should  include 
the  foljpwing  considerations: 

1,  Stow  cylinders  in  approved  stowage  areas 
or  compartments  for  your  vessel. 

2,  Maximum  temperature  of  the  stowage 
compartment  should  NOT  exceed  130*  F. 

3,  Ventilate  compartments  containing  com- 
pressed gases  jl  MINIMUM  of  15  minutes  prior 
to  .entering  a  compartment  if  the  ventilation 
has  been  closed  down  to  thaf  compartment. 


Regulator 

The  helium  regulator  is  used  to  provide 
a  low-pressure  helium  source^faF-*^lloon  in- 
flation. When  connected  tjo  a  heliuni^cylinder, 
the  regulator  provides  an  indication/}!  cylinder 
pressure,  a  regulated  he^Mfegutjtet  pressure 
suitable  for  balloon  infl^|  kLn  indication 
of  the  number  of  cubic  te^PWrpaining  in  the 
cylinder.  The  complete  regulator  is  furnished 
with  adapter  ppuphngs  for  attachment  to  either 
a  right-  or  left-hand  female  thread  on  the  helium 
flas"k  ^and  with  a  hose  coupling  on  the  outlet. 
Outlet  connection  may  also  be  made  to  a  right- 
hand  threaded  female  coupling  on  a  tube  or  pipe. 

When  inflating  balloons  using  the  helium^- 
gulator,   try  to  use  a  pressure  of  abou^jjnJT 
psi.  f       '  '* 


PLOTTING  BOARDS 

Meteorological  plotting  boards  are  us^ed  to 
determine  winds  aloft,  ballistic  winds,  true  wind 
direction  and  speed  at  sea,  fallout  vectors  and 
the  principle  of  triangulation  in  meteorological 
work.  (See  figure  129.) 

Plotting  boards  have  been  issued  in  two  sizes: 
approximately  24  inches  square  and  36  inches 
%square. 
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Figure  129.-  Meteorological  plotting  board, 


The  base  of  the  Plotting  btflrrd  lr>  the  newer 
models  i3  made  of  anlilurninuw  casttrtg  or  leavy 
plyboard  covered  by  pLstt\h^he  older  models, 
the  base  con'si«iswtf  Jcsquivre  wooden  boapJl  At 
the  center  of  thcT^rtusiVji "brass  bearing  arid  a 
ptn  secure  the  ^frotractor- to  the  base  and  yet 
allow  it  to  rotate  in  azimuth. 

The  protractor  is  a  transparent  celluloid  or 
C"l!ul0*e  fhsk.  The  upper  surface  is  frosted  in 
order  that  plotting**  may  be  entered  in  soft  pencil 
or  washable  Ink.  The  outer  edge  of  the  protrac- 
tor is  graduated  from  V  to  360*.  The  base  of  the 
plotting  board  beneath  the  protractor  is  ruled 
off  in  heavy  vertical,  orange- red  lines  1  centi- 
meter apart  and  i«.  lighter  lines  at  Intervals  of 
one-half  centimeter.  From  the  center  of  the 
bdard,  or  from  the  pin,  two  distance  scales  arc 


ruled  off  vertically  downward  to  the  bottom  of 
the  boai-d,  the  red  scale  to  the  right  and  the  blue 
scale  to  tUe  iVft  the  heavy  vertical  index,  or 
centerline.  * 

These  scales  are  jpaduated  so  that  on  the 
red  scale,  1  centimct<£ec|uals  200  meters;  on 
the  blue  scale,  1  centimeter  equals  500  meters, 
Wind  scales  are  found  tn  «£he  lower  left-hand 
corner  of  Jthe  plotting  board.  There  are  a  r:-d  and 
a  blue  scale  for  2-minute  periods.  The  .red 
scale  is  used  for  measuring  wind  plots  on  the 
red  scale,  and  the  blue  scale  is  for  measuring 
Wind  plots  on  the  blue  scale.  Never  use  the  red 
scale  to  measure  the  blue  scale  or  vice  versa. 
To  simplify  the  measuring  of  the  wind  plots,  a 
small  plastic  ruler  is  provided,  which  is  an  exact 
duplicate^of  these  scal.es, 
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The  plotting  board  requires  very  little  main- 
tenance. It  should  be  cleaned  after  each  obser- 
vation with  an  eraser  or  an  approved  cleaning 
.fluid.  When  cleaning  the  plotting  board,  do  not 
use  any  fluid  that-*s  harmful  to  you  or  the  plastic 
protractor. 


packaging  prior  to  storage  or  shipment.  If  the 
original  packaging  is  no  longer  available,  i  an 
equivalent  method  will  suffice.  The  items  should 
not  be  stored  in  any  atmosphere  in  which  the 
temperature  exceeds  140°  F, 


PARACHUTE 

The  parachute  is  a  lightweight,  expendable, 
paper  device  used  to  slow  the  descent  of  a 
balloon-borne  radiosonde  after  the  balloon  has 
burst.  It  minimizes  the  danger  to  personnel  and 
reduces  or  minimizes  propertj|damage  from  the 
falling  radiosonde.  The  parachute  should  be  used 
for  ALL  upper  air  soundings  ^nless  there  are 
specific  instructions^ to  the  contrary. 


.TR/HN  REGULATOR 


> 


The  radiosonde/ rawinsonde  train  regulator 
consists  of  a  frame,  reel,  apd  braking  mechan- 
ism. The  regulator's  furnished  with  approxw 
mately  60  feet  of  nylon  cord  wound  on  the  re^f . 
The  braking  mechanism  permits  the  weight  of  the 
radiosonde  to  unwind  the  cord  at  the  nominal 
rate  of  12  feet  per  minute.  The  train  regulator" 
is  attached  between  the  parachute  and  the  radio- 
sonde and  facilitates  releases  during  strong  or  } 
gusty  winds.  .  - 

CALCULATORS  AND  COMPUTERS 

The  important  points  in  regard  to  calculators, 
computers,  and  evaluators  are  #ie  cleaning  and 
sibnng  of  them.  The  pointers  listed  iif  this  sec- 
tion apply  to^all  the  computers  in  use,  such  as  the 
psychrometric  computer,  true  wind  computer, 
mixing  ratio  calculator,  ancf  the  like. 

•  To  remove  accumulations  of  dirt,  dust,  and 
lint  from  the  spaces  between  the  plates  and  under 
the  cursor,  draw  a  piece  of  paper  through  the 
space 'while  applying  a\jight  pressure  to  the 
disks  or  cursor.  If  grease -or  gumniy  deposits 
are  present,  moisten  a  blotter  with  soap  and 
\vat£r  and  proceed  as  above.  Exposed  surfaces 
may  be  cleaned  with  a  soft  cloth,  soap,  and 
water.  Rinse  thoroughly  and  dry.  DO  NOT  USE 
SOLVENTS. 

Plastic  calculators,  computers,  and  evalua- 
tors   should   be    returned   to   their  original 


THEODOLITES 

SHORE  TYPE  THEODOLITE 
(ML-4v4) 

The  shpre  type  theodolite,  AERO- 1928- USN 
or  ML-474,  is  a  small  right-angled  telescope, 
mounted  in  such^a  manner  that  it  may  turn  in 
a  vertical  direction  to  determine  elevation  and 
in  a  horizontal  direction  to  determine  azimuth, 
.It  is  designed  to  be  used  with  Tripod  ML-78  or 
with  a  suitable  permanently  fixed  substitute 
for  the  tripod  (figure  1|30), 

The  telescope  is  bent  through  an  angle  of 
90".  The  eyepiece  acts  through  the  angle  of  bend 
as  the  horizontal  (azimuth)  axis  of  the  telescope, 
while  the  object  end  turns  freely  in  a  vertical 
(elevation)  plane  about  the  axis.  A  45*  prism, 
lQcated  in  a  cubical  chamber  at  the  right- angle 
bend  of  the  telescope,  Serves  to  turnsthe  optical 
line  of  sight  through  90°,  corresponding  to  the 
bend  in  the  telescope.  , 

The  eyepiece  as  provided  with  crosshairs 
stretched  over  a  reticle  for  centering  the  ob- 
jective,       '  ;  * 

J 

The  telescope  is  provided  with  two  sets 
of  front  and  rear  sights,  similar  to  gunsights, 
which  are  in/line  with  the  optical  axis  through 
the  objective  end  of  the  telescopA  They  facilitate 
picking  up  the  balloon  in  the  fie^d  of  view  of  the 
telescope  when  it  is  first  released  or  when  it 
is, accidentally  lost  fnjm  view,  ^ 

W 

An  elevation  circle  is  provided  for  reading 
the  angle  of  elevation  In  degrees  and  tenths  of  a 
degree.  This  is  the  angular,  height  of  the  balloon 
meastwc^d  frona^he  horizontal  reference  plane. 
This  plane  is  an  imaginary  flat  surface  between 
the  observation  point  and  the  horizon. 

The   instrument  Is  provided  with  a  360* 
azimuth  circle,  (Azimuth  Is  an  arc  of  the  horizon  - 
represented  by  the  horizontal  projection  of  the 
angle  between  a  fixed  point  {direction),  usually^ 
true    north,  and  the  object  being  observed.) 
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Figure  130.-  Shore  type  theodolite  (ML-474). 


The  telescope  is  turned  i^n  azimuth  by  engaging 
the  worm-driven  tangent  screw  or  friction  disk 
type  of  tangent  screw,  whit?h  is  provided  with 
a  drum  type  of  vernier  graduated  to  read  tenths 
of  a  degree.  < 

The -telescope  and  attachments  revolve  on 
a  bearing  which  is  a  sleeve  and  spindle  at  the 
center  of  the  azimuth  circle.  The  aximuth  circle 
is  pivoted  to  the  base  plate  and  is  provided 
with  a  clamp,  which  can  be' loosened  t\  permit 
free  rotation  of  the  azimuth  circle  about  the 
base  plate  center.  The  outside  cone  bearing  of 
the  base  plate  is  fitted  into  tye  leveling  head, 
which  is  provided  with  four  leveling  screws. 


Tangent  screws  provide  for  a  controllable, 
slow-motion  rotation  of  the  telescope  about  both 
jf  y6f  its  axes. 

In  the  pilot  balloon  observation,  reliable 
measurement  is  possible  only  when  the  instru- 
ment is  in  proper  adjustment.  A  theodolite  must 
be  absolutely  level,  and  its  base  plate  must  be 
oriented  with  reference  to  true  north.  To  aid 
in  leveling  the  theodolite,  two  small  spirit  (plate) 
levels  are  mounted  on  the  top  plate  at  right 
angles  to  each  other. 

The -theodolite  has  three  electric  lamp  as- 
semblies, one  to  illuminate  the 'crosshairs  to 
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make  them  faintly  visible  at  night,  one  to  illumi- 
nate the  elevation  scale  and  the  drum  scale  of 
the  adjacent  tangent  screw,  and  one  to  illuminate 
the*  azimuth  scale  and  its  adjacent  tangent  screw 
'drum  scale*  The  lamps  are  of  the  miniature, 
screw  base  type  and  are  hooded  to  prevent  direct 
tyfcght  frpm  reaching  the  observer's  eyes.  Elec- 
;  triCsmrreiit  is  supplied  by  two  ordinary  flash- 
light batteries,  enclosed  in  a  battery  box  mounted 
on  the  base  plate  of  the  instrument.  The  battery 
box  is  constructed  so  that  the  batteries  inserted 
1  in  *  it  are  automatically  connected  in  series  in 
the  circuit.  A  rheostat  is  mounted  on  one  of  the 
telescope  standards  and  is  connected  only  in  the 
crosshairs  lamp  circuit,  to  control  the  amount 
of  illumination  of  the  crosshairs  under  various 
conditions.  Rotating  the  control  knob  to  the 
extreme  counterclockwise/ position  opens  the 
circuit  to  the  crosshairs  lamp.  A  toggle  switch; 
mounted  on  the  base  plate,  controls  the  circuit 
or  both  scale  laprips.  j 
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SHIPBOARD  THEODOLITE 

The  shipboard  theodqlite  (figure  131)  differs 
quite  radically  in  design  from  the  shore  type 
theodolite,  although  it  performs  the  same  func- 
tions, The  essential  features  of  construction 
follow. 
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A  small  spirit  level  is  provided  on  the  base 
plate,  but  the  theodolite  cannot  be  leveled  satis- 
factorily ^Jth  it.  T*he  theodolite  is  designed  for 
mounting  in  the  gimbal  head  of  a  tripod  with  a 
counterbalance  designed  to  keep  the  instrument 
as  nearly  in  a  true  vertical  position  as  possible. 
Since  friction  in  the  gimbals  arid  the  pendulum 
effect  of  the  counterweight  affect  the  level  of.the 
theodolite,  either  the  true  ocean  horizon  or  an 
artificial  bubble  horizon  must  be  used  to  obtaii\ 
the  zero  level  of  the  horizontal  reference  plane. 

The  vertical,  or  elevation,  angle  betueedthe 
line  of  sfrght  to  the  balloon  and  the  horizontal 
plane  (true  horizon  and  bubble  horizon)  is  meas- 
ured by  means  of  a  movable  mirror  and  quad- 
rant am  operating  in'  the  *ame  manner  as 
a  navigator's  sextant**  The  quadrant  arm  is 
graduated  to  read  true  vertical  angle  when  the 
irnAge  of  the  balloon  is  brought  in  line  with  the 
true  horizon  (or  bubble  horizon)  as  a  horizontal 
reference  pi«yie. 

*  The  azimuth  circle  is  provided  with  a  clamp 
adjustment  that  permits  ready  orientation.  Usu- 
ally, it  is  set  with  the  360*  azimuth  (horizontal 
circle)  on  the  bow,  of  the  ship,  or  parallel  to 
the  fore-and-aft  line  of  the  ship  and  oriented 
forward. 

'  t 

ELECTRICAL  UPPER  AIR 
EQUIPMENT 


HUMIDITY  CHAMBER  ML-428/UM 


\ 


Figure  131.—  Shipboard  theodolite. 


Humidity  Chamber  ML-428/UM  (figure  132) 
is  provided  to  secure,  a  stable  environment  of 
temperature  and  relative  humidity  for  condi- 
tioning AN/AMT-11(  )  radiosondes  prior  to 
release.  The  chamber  consists  pf  a  wooden 
box  equipped  with  a  motor  blower,  evaporation 
tray,  test-  leads,  psychrometer  cup  assembly, 
stand,  and  control  box.  (On  some  units  there  is 
also  a  heater  assembly^ 

The  humidity  chamber  is  equipped  with  an 
automatic  switching' device  located  within  the 
control  box*  This  switching  device  consists  of 
a  synchronous  timer  unit  which  automatically , 
connects  the  three  elements  of  the  radiosonde 
individually  in  a  predetermined  sequence*  Lo- 
cated on  top  of  the  control  box  are  switches 
for  the  automatic  timer  unit  and  motor  blower 
unit*  Below  the  control  box  is  a  toggle  switch 
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Figure  132.—  Humidity  Cnamber  ML-428/VM. 


nhich  controls  the  batten'  power/ On  units  having 
i  heater  assembly,  there  is  a  toggle  switch 
located  on  the  right  side  of  the^phamber  to  con- 
trol power  to  the  heater  assembly. 

The  humidity  chamber  should  be  located  as 
close  tn  the  radiosonde  receiving  equipment  as 
possible,  consistent  with  good  signal  reception, 
and  preferably  mla  position  near  the  recorder 
where  the  observer  can  obtain  psychrpmetnc 
readings  while  the  humidity  chamber  values  are 
being  recorded.  This  arrangement  also  enables 
the  observer  to  correlate  any  variations  in 
temperature  or  relative  humidity  with  the  values 
indicated  by  the  psychrometer.  The  observer 
-hould  stand  away  from  the  box  during  the  check 
due  to  the  effect  of  body  capacities.  * 

The  psychrometer  i£  mounted  to  its  support 
outside  the  chamber  *  iJ  *io  .by  ind  wet  bulbs 


extend  downward  through  the  top  of  the  box  mto 
the  chamber.  This  enables  the  observer  to 
obtain  readings  of  chamber  conditions  without 
opening  the  humidity  chamber. 

The  water  in  the  psychrometer  cup  mu$t  be 
sufficient  in  amount  to  reach  above  the  top  of 
the  bulb  of  the  wet-bulb  thermometer  when  the 
cup  is5 'raised.  The  cup  can  be  filled  conveniently 
with  a  medicine  dropper  or  small  syringe. 
Care  should  be  exercised  to  avoid  striking  the 
thermometer  bulb  with  the  cup  as  well  .as  keep- 
ing the  psychrometer  tube  free  from  touch- 
ing the  baffle  plate  and  the  psychrometer  guard. 

Before  placing  a  salt*60lution  in  the  evapora- 
tion tray,  coat  the  inside  walls  of  the  tray  with 
a  very  thin  film  of  pure  petroleum  jelly  to 
reduce  the  tendency  of  the  salt  crystals  to  creep 
over  the  edge.  Place  one- half  pound  of  sodium 
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chlpride  (ordinary  table  salt)  in  the  tray.  Do 
not  use  any  other  salt.  Add  sufficient  water  to 
make  a  saturated  solution  and  to  cover  all  un- 
dissolved salt.  This  is  important,  since  blowing 
salt  particles  deposited  in  the  radiosorfde  might 
give  rise  to  erroneous  lock-in  values.'  Place 
the  tray  containing  the  salt  solution  in  the  box 
at  least  6  hours  before  making  a  humidity  check 
to  provide  time  for  the  box  to  reach  equilibrium 
prior  to  the  succeeding  humidity,  check. 

The  salt  solution  provides  a  uniform  value 
of  relative  humidity  when  the  chamber  is  prop- 
erly sealed.  The  recommended  relative  humidity 
value  should  bef<  between  60  ^and  90~percent. 
When  the  salt  begins  to  cake,  stir  it,  and  add 
sufficient  water  to  restore  the  original  con- 
sistency of  the  solution.  If  the  relative  humidity 
in  the  closed  chamber  does  not  meet  the'  re- 
commended value  during  the  humidity  check, 
inspect  the  condition  of  the  salt  solution  at  the 
conclusion  of  the  humidity  check.  Clean  the 
tray>  arid  replace  the  salt  solution  whenever  thfe 
solution  becomes  discolored  due  to  foreign  ma- 
terial. 

Operation 

Before  placing  the  instrument  inthe  humidify 
chamber,  make  certain  that  the  contact  arm  is 
off  the  commutator  bar  of  the  radiosonde.  Then 
invert  the  instrument  and  place  it  on  the  stand 
for  which  it  is  adapted  in  such  a  manner  that 
the  humidity  element  is  directly*  below  the  hu- 
midity chamber's  blower  int-ake.  During  this 
installation,  exercise  care  to  insure  that  the 
temperature  element  is  not  broken*  Connect  the 
test  leads  of  the  radiosonde  to  the  corresponding 
terminal  posts  of  the  humidity  chamber.  Make 
sure  that  the  radiosonde  antenna  properly  en- 
gages the  rubber  gasket  6n  the  door  jamb  as 
the  door  is  beingclosed. 

The  radiosonde  is  normally  conditioned  in 
the  humidity  chamber  for  at  least  1  hour  pre- 
ceding the  observation.  However,  do  not  install, 
the  humidity  element -until  15  minutes  prior  to 
the  baseline  check.  After  installation  of  the 
humidity  element,  close  tfie  box  and  wait  10 
minutes  before  turning  on  the  blower  motor. 
After  the  blower  motor  has  been  operating  for 
not  less  than  5  minutes,  turn  on  the  test  switch 
motor  and  carry  out  the  baseline  check  as  out- 
lined in  the  Manual  of  Radiosonde  Observations, 
Federal  Meteorological HandbookNo>  3,  (FMH  #3). 


If  the  air  in  the  testing  room  is  extremely 
dry  (in  winter  months),  store  the  radiosonde  for 
the  next  observation  in  the  humidity  chamber 
for  the  entire  period  between  observations  in 
order  to  assure  complete  acclimatization. 


Maintenance 

Prior  to  e'ach  baseline  check,  insure  that 
there  is  sufficient  water  in  the  psychrometer 
cup.  At  times  it  is  necessary  to  clean  the  cup. 
This  is  accomplished  by  removing  the  restrain- 
ing nut  on  the  lifting^rod  and  removing  the 
assembly.  Take  care  to  avoid  bending  the  lifting 
rod  when  removing  or  installing  the  psychro- 
meter cup.  / 

Weekly  cleaning  of  the  psychrometer'assem- 
bly  to  remove  salt  deposits  and  monthly  replace- 
ment of  the  wet-bulb  wick  are  recommended. 

Daily  cleaning  of  the  insfde  of  the  chamber 
to 'remove  dust  and  salt  deposits  and  the  applica- 
tion of  pastfe  wax  or  furniture  polish  (inside  and 
outside)  at  monthly  intervals  maintains  the  smart 
material  appearance  of  the  humidity  chamber 
•   for  a  long  time* 

» 

Inspect  the  gaskets  and  seals  frequently  to 
make  certain  that  the  chamber  is  reasonably 
airtight  knd,  if  not,  replace  them  as  necessary. 

Oil  the  motor*blower  at  both. bearing  points 
/*  after  each  4  hours  of  continuous  operation, 
or  weekly*  If  the  motor  becomes  excessively 
overheated,  check  the  sha^t  clearance  to  insure 
freedom  of  movement.  The  test  switch  motor  cfbes 
not  need  to  be  oiled.  f 

Keep  the  box  closed- when  it  is  not  in  use; 
otherwise,  unstable  values  of  humidity  may  re- 
sult during  subsequent  humidity  checks, 

BATTERY  TEST  SETS  ♦ 

In  order  to*  fnsure  a  high  percentage  of 
successful  radiosonde  flights,  perform  a  thorough 
preflight  check  of  the  radiosonde  and  associated 
battery  pack.  The  standard  battery  tester  is  a 
twin- voltmeter  instrument  used  to  measure  A  and 
B  battery  voltages  of  radiosonde  batteries.  Read 
both  A  and  B  voltages  directly  on  separate 
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Figure  133.—  Battery  Tester  and  Battery 
Loading  Plug. 

voltmeter  dials  simultaneously.  (See  figure  133.) 
This  equipment  tests  either  battery  BA  353/AM 
or  BA  259/AM,  but  a  special  test  plug  and 
cable  is  required  for  each,  , 

There  is  another  battery,  test  set  in  use. 
This  test  set,  the  AN/AMM-l,  was  designed  for 


testing  batteries  BA-259/AM  and  BA-353/AM, 
and  radiosonde  transmitters  AN/AMT-4,  AMT- 
11,  and  AMQ-9, 

By  means  of  a  simple  switching  action,  the 
voltage  an^  current  outputs  of  an  activated 
battery  can  be  checked  prior  to  mounting  the 
battery  on  the  radiosonde.  The  test  Set  can 
also  be  connected  to  the  battery  and  the  radio- 
sonde as  shown*  in  figure  134  for  preflight 
testing.  The  internal  power  supply  of  the  test 
set  may  be  used  to  furnish  voltages  to  the  radio- 
sonde that  are  normally  supplied  by  a  battery,  t 
The  batteries  may  thus  ,be  conserved  for  op- 
erational flights, 

BATTERIES 

✓ 

The  batteries  under  consideration  here  are  „ 
the  water-activated  batteries  used  by  meteoro- 
logical personnel  to  provide  power  for  either 
lighting  units  or  radiosonde  transmitters.  All  of 
the  batteries  used  operate  on  the  same  general 
principle. 

Activate  all  batteries  in  strict  accordance 
with   the   instructions  printed  on  them.   The  . 


Figure  134,-  Battery  Test  Set  AN/AMM-1  connected  to  Battery  BA-353/AM  and 

Radiosonde  AN/AM  T7U(  ), 
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instructions  for^ctivaf^on  of  batteries  vary 
from  manufacturer  to  manufacturer;  therefore, 
♦we  will  not  cover  them  here. 

A  battery  sliould  remain  in  its  original 
waterproof  container  until  time  to  activate  or 
test  it.  To  ensure  good  operation  of  a  battery, 
activate  it  before  it* "shelf  life  expires.  If  a 
battery  Tias  been  stqred  where  the  temperatures 
were  very  cold,  bring'  it  id  a  warm  (room) 
temperaturebefore  using-'it. 


u^i 


Test  the  batteries  in  accordance  with  in- 
structions contained  in  FMH  *3  and  with  those 
of  the  battery  tester  available. 

» 

The  batteries  and  their  uses  are  as  follows: 

1.  BA-292/AM  is  the  lighting  unit  used  for 
night  pibals  or  night  rabals. 

-  *' 

2.  BA-353/AM  is  the  power  unit  for  Radio- 
sonde AN/AMT-1M  )^for  AN*/SMQ-1(  )  sound- 
ings. 

3.  BA-259/AM  is  the  power  supply  unit  for 
Radiosonde  AN/AMT-4(  )  for  AN/G;MD-1(  ) 
soundings.  '  # 

■\  * 

4.  BA-3^g/AM  is  the  power  supply  unit 
for  Radiosonde  AN/AMQ-9( '  )  for  AN/GMD-2 
soundings. 


ELECTRONIC  UPPER  AIR 
EQUIPMENT 


radiosonde  an/amt-ii<  > 

Radiosonde  AN/AMT-11(  ),  described  inthis 
secMon.  is  an  expendable  scientific 'instrument 
designed  to  be  carried,  aloft  by  a  sounding 
balloon.  During  its  flight,  the  radiosonde  trans- 
mits radio  signafs.  When  properly  interpreted, 
these  signals  give  an  essentially  continuous  re- 
cord -of  the  pressure,  temperature,  and  humidity 
of  the  atmosphere^hrough  which  it  passes.  The 
nominal  range  of^the  meteorological  sensing 
elements  js  as  follows:  barometric  pressure 
from  1,060  to  5  millibars,  temperature  from 
^-50*  C  to  -90*  C,  and  relative  humidity  from  15 
percent  7to  95  percent.  The  frequency  of  the 
UHF  (ultra-high  frequency)  transmitter  is  ex- 
ternally adjustable  from  400  to  406  mHz. 


the  entire  radiosonde  (including  the  en- 
closing case,"  the  radio  transmitter,  toe  baro- 
metric-pressure switch,  and  the  temperature  and 
humidity  sensing  elements,,  but  exclusive  of 
the  battery)  weighs  approximately  330  grams. 
The  temperature  and  humidity  elements  are  lo- 
cated on  the  outside  of  the  case  for  best  exposure. 
All,  parts  which  may  need  checking  or  adjusting 
before  flight  are  readily  accessible..  T,he  power 
is  supplied  by  a  compact  .water-activated  battery 
(Type  BA-353/AM).  which  weighs  approximately 
260  grams  and  has  three  sections:  3,  7.p;  and 
120  volts  DC.  .  %  *4P 

Theory  of  Operation 

The  telemetering  system  of  the  radiosonde 
measures  the  quantity  and  transmits  this.quan- 
tity^to  the  receiving  station  and  there  records 
the  quantity  measured.  It  uses  a  UHF  signal 
emitted  by  the  radiosonde  as  a  communicating 
link.  This  signal  is  pulsed  at  a  varying  rate 


irying  i 
rate  s  of 


established  by  an  oscillator  whose  ratesot  re- 
laxation (10  to  200  Hz)  is  controlled  by  a  re- 
sistance capacitance  network  *  connected  "  in  its 
grid  circuit.  The  resistance  in  this  network 
is  varied  by'  the  change  "in  the  resistance  of 
the  meteorological  sensing  elements.  These 
changes  of  resistance  are  tirought  afbout  by, 
and  are  proportional  to,  meteorological  changes 
encountered  in  the  atmosphere.  The  resistance- 
'  capacitance  network  is  a  circuit  composed  of 
one  or  more  resistors  and  capacitors,  . 

Transmitter.—  The  function  of  the  trans- 
mitter section  is  to  relay  the.  data  from  the 
sensing  elements  rtfrf  means  of  radio  waves  to 
the  radiosonde  receptor.  A  detailed  discussion 
of  the  circuitry  is  not  given  in  this  course; 
however,  an  explanation  of  the  handling  precau- 
tions that  must  be  exercised  is  given. 

The  output  of  the  UHF  oscillator  is  coupled 
directly  to  the  end  of  a  vertical  antenna  extends 
ing  earthward  in  flight  and  "attached  by  means 
of  a  small  threaded  hole  in  the  end  of  the  [date- 
line... Under  no  circumstances  should  the  radio- 
sonde be  operated  without  the  antenna,  as  ex- 
cessive battery  current  may  result  .when  the 
antenna  is  removed.  The  transmftter^frequency  * 
is   normally  ^set  at  the  factory  for  *?03-mHz 
operation;  however,  means  have  been  mcorpo-r 
rated  for  adjusting  the  frequency  over  a  range 
of  395.5  to  410.5  mHz  to  overcome  operational 
interference   and  to   compensate   for  changes 
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Figure  135,-  Radiosonde  AN/AMT*11(  ). 


resulting  from,  abnormal  handling  in  shipment. 
The  frequency  adjustment  screw,  which  changes 
the  \  capacity  between  the  quarter-w,ave  tuned 
lines,  and  the  tuning  capacitor  have  been  pro- 
vided for  this  purpose. 

The  radio  signal  of  the  AN/AMT-11(  ) 
is  normally  received  with  Radiosonde  Receptor 
\N/SM<M(  )•  . 


Visual  Inspection 

It  is  mandatory  that  all  24  radiosondes  in  a 
carton  be  visually  inspected  before  use.  Figure 
135  shows  a  complete  radiosonde. 

Each  carton  should  contain:  " 

1.  Twenty-four  radiosonde  sets,  each  with 
its  correct  calibration  chart  and  a  can  containing 
jl  humidity  element  and  a  temperature  element. 


2,  Twenty-four  antennas'. 

3,  One  temperature  evaluatoy. 

"  i 

4.  One  pad  of  24  humidity-calibration 
charts.     .  , 

•  «■ 

5.  One  can  opener,  one*packof  lensTissues, 
one  roll  of  sealing  tape,  and  one  adjusting  tool, 

The  visijal  inspection  of  the  radiosonde 
includes  checks  of  the  temperature,  humidity, 
and  baroswitch  sections;  inspection  of  the  re- 
lay and  transmitter  units;  and  comparison  of.i 
the.  serial^  numbers  on  the  'calibration  chart 
and  the  instrument  itself.  Figure  136-shows  the 
transmitter  and  baroswitch  in  detail. 


The   relay  is  not^  sealed 


in  an  individual 
case;  consequently,  the  modulator  should  be  re- 
turned to  its  packing  case  until  it  is  to  be  used. 
If  the.  relay  contacts  are  corroded,  polish  them 
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Figure  136.-  Transmitter  and  baroswitch  details. 


lightly  with  the  polishing  cloth  provided  in  the 
accessory  kit,  using  only  sufficient  pressure  to 
remove  the  -  corrosion.  A  clean  camel's-hafcr 
brush  should  be  used  to  remove  all  dust  particles. 


RADIOSONDE  AN/AMT-11DX 


The  transistorized  Radiosonde  AN/AMT- 
ll.DX  is  similar  in  appearance  to  the  all- vacuum- 
tube  radiosonde  .presently  used.  One  vacuum  tube/ 
was  retained  to  achieve  optimum  performance  on 
the  ultra-high  frequency  (UHF)  meteorological 
band.  The  power  output  is  appnflgmately  six 
•times  that  of  the  earlier  type  oT  radiosonde. 

0  . 

The  performance  improvements  attained  in 
Radiosonde  AN/ AMT-llDX-  are  expected  to  pro- 
vide an  increase  in  duration  and  quality  of  ship- 
board  meteorological  soundings.  By  design,  only  a 
low  voltage  water-activated  battery  is  required. 
The  fact  that  the  activation  time  is  consistent 
a*fBng  the  battery  sections  makes  possible  a 
maximum  usable  life.  The  increased  power  out- 
put will  improve  the  reception  range  by  pro- 
viding a  better  signal-to-noise  ratio  in  an  in- 
herently "noisy"  environment. 


RADIOSONDE  RECEPTOR  AN/SMQ-K 


Radiosonde  Receptor  AN/SMQ-K  )  (figure 
137)  is  an  electronic  meteorological  device  which 
receives,  amplifies,  demodulates,  and  graphically 
records  signals  .emitted  from  a  balloon-borne 
Radiosonde. AN/AMT-ll(  ).  The  receptor  covers 
a  frequency  range  of  390  to  410  mHz,  The  radio- 
sonde transmits  data  in  the  form  of  pulsed 
RF  (radiofrequency)  signals  which  are  modulated 
at  a$  audio  rate  controlled  by  the  temperature, 
pressure,  and  relative  humidity  of  the  atmosphere 
through  which  the  balloon-borne  radiosonde  pas- 
ses. Radiosonde  Receptor  AN/SMQ-K  )  is  de- 
signed for  shipboard  use. 

Operating  Principles 

The  radiosonde  signal  received  by  the  re- 
ceptor consists  of  pulses  of  403-mHz  RF  energy. 
The  frequency  of  repetition  of  these  pulses  is 
dependent  on  meteorological  conditions.  Each 
pulse  is  150  to  250  microseconds  in  duratjpn, 
and  the  pulse  repetition  frequency  may  vary  - 
from  10  to  200  pulses  per  second.  The  received 
signal  pulses  will  generally  be  a  series  of  pulses 
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PAPER  TABLE 


"^^ANTENNA, 
^n/  AT-775/SMQ-1 


Figure  137.—  Radiosonde  Receptor  AN/SMQ-1(  ). 


at  one  audio  rate,  followed  by  a  series  at 
a  different  audio  rate.  Each  series  of  pulses 
will  ,cause  the  receptor  to  print  on  the  chart  in 
a  position  determined  by  the  audio  rate  of  that 
particular  series  of  pulses.  The  radiosonde 
transmits  series  of  pulses  representing  humid- 
ity, a  series  of  pulses  representing  temperature, 
and  a  series  of  pulses  used  as  a  reference.  The 
order  in  which  these  different  series  are  trans- 
mitted is  known  and  is  common  to  all  radiosondes 


of  a  particular  type*  This  order  makes  inter- 
pretation and  evaluation  of  the  receptor  record 
possible. 

Location 

Radiosonde  Receptor  AN/SMQ-1(  )  must  be 
located  in  a  dry,  sheltered  area.  Since  tuning 
of  the  receiver  depends  to  -somet  extent  on  aural 
(sound  wave)   reception^  thg^-lracation  selected 
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Figure  138.—  Radiosoncje  *  Receptor  AN/SMQ-1(  ). 


should  have  a  low  aural-noise  level.  The  loca- 
tion should  be  as  free  from  shock  and  vibration 
as  possible.  When  determining  the  location  of 
the  receptor,  allow  a  minimum  access  space  of 
18  inches  at  the  sides,  14  inches  at  the  back, 
and  6  feet  in  the  front.  This  spacing  will  pro- 
vide adequate  space  for  operation,  servicing,  and 
ventilation.  Before  locating  the  receptor,  consider 
the  convenience  of  connecting  incoming  power  and 
antenna  cables.  Avoid  installation  sites  near 
sources  of  electrical  interference,  such  as  elec-. 
trical  machinery. 


Functions  of  Components 

Overall  Controls.—  Listed  below  are  func- 
tional descriptions  of  all  controls  used  during  the 
operation  of  Radiosonde  Receptor  AN/SMQ-1(  ), 
(See  figure  138.) 

1.  The  main  power  sWl{ch  is  located  at  the 
right  side  of  the  recessed  panel  in  the  upper 
front  of  the  power  supply  paneL  This  switch 
controls  all  115-volt,   60  Hz,  AC  input  power 


to  the  power  supply,  recorder,  and  the  thermo- 
statically controlled  cabinet  heaters.  An  indi- 
cator light  to  the  left  of  the  switch  provides  a 
visual  signal  when  the  main  power  switch  is  in 
the  OK  position;  this  indicator  light  is  marked 
.  14001  above  the  light  and  IND  below. 

2.  The  heater  power  switch  is  located  at 
the  left  side  of  the  recessed  panel  in  the  upper 
front  of  the  power  supply.  This  switch  controls 
115- volt,  60-Hz,  AC  power  to  the  thermostatically 
controlled  cabinet  heaters  when  the  main  power 
switch  is  in  the  OFF  position.  An  indicator 
light  marked  14002  above  *nd  IND  below  is  lo- 
cated to  the  right  of  the  switch  and  provides 
a  visual  signal  when  the  heater  power  circuit 
is  energized. 

3.  Seven  blown  fuse  indicators  are  centrally 
located  on  the  recessed  panel  in  the  upper  front 
of  the  power  supply.  These  indicators  provide 
visual  signais  to  detect  blown  fuses. 

•  * 

4.  The  chart  speed  change  plunger  is  located 
at  the  upper  right  side  ofthefrontof  the  recorder 

^unit  adjacent  to  the  drawer  handle.  Spring  loading 
of  the  chart  speed  change  plunger  holds  it  in 
the  OCT  or  NORMAL  position,  producing  a 
chart  speed  of  one-half  inch  per  minute.  When 
this  plunger  is  held  in  the  depressed  .position, 
a  chart  speed  of  10  inches  per  minute  is  produced. 
•  •  * 

*5.  The  chart  illumination  switch  is  located 
on  the  upper  left  front  panel  of  the  recorder  unit. 

6.  The  chart  drive  switch  is  located  at  the 
upper  right  side  gf  the  front  of  the  recorder 
unit.  The  chart  drive  switch  controls  the  115- 
volt,  AC  poyer  to  the  chart  drive  motor. 

7.  The  RF  gain  control,  marked  RF  GAIN, 
is  located  on  the  right  center  of  the 'receiver 
panel.  This  control  combines  a*  LO  gain  control, 
which  is  adjusted  and  locked  at  the  optimum  pre- 
flight  test  position  by  means  of  a  screwdriver,  and 
a  HI  gain  control,  which  is  adjusted  by  the  control 
knob  on  thfe  panel.  Turning  the  control  knob  clock- 
wise froE*ythis  position  closes  the  switch  and  per-  1 
mits  thj* ^ain,  to  be  adjusted  by  the  control  knob. 

8.  The  ANT  TRMS  (antenna  trimmer)  con- 
trol is  located  on  the  receiver  front  panfel.  It 
provides  means  for 'turning  the  RF  input  circuit 
of  the  receiver  to  obtain  maximum  signal  trans- 
fer. 


*  9.  The  main  tuning  dial  is  for  tuning  the 
receiver  to  a  specific  frequency  within  the 
range  of  390  to  410  mHz.  The  tuning  dial  is 
calibrated  in  mHz.  Frequency  increases  with 
clockwise  rotation. 

10.  The  antenna  selector  switch  is  marked 

*  ANT  SEL  and  is  located  at  the  upper  right  of 
the   receiver   front  panel   for  the  purpose  of 

•  selecting  the  antenna  to  be  used,  if  more  than 
one  antenna  is  available.  The  switcnTaccom- 
modates  four  antennaWputs  numbered  1  through 
4.  Position  No.  5  provfttes  means  for  grounding 
the  receiver-input  when  re*}u^red. 

11.  The  intensity  control  is  for  adjusting 
beam  brilliance  in'  the  cathode- ray  tube.  It  is 
centrally  located  to  the  right  of  the  oscilloscope 
tube. 

12.  The  focus  control  is  provided  to  bring 
the  oscilloscope  pattern  into  proper  focus.  This 
control  is  centrally  located  at  the  left  of  th'e 
oscilloscope  tube. 

13.  The  locking  control  is  marked  LKG.  This 
control  vanes  the  oscilloscope  synchronizing 
frequency  range  from  8  to  250  Hz. 

14.  The  cathode- ray  tube  is  centrally  located 
on  the  upper  front  of  the.  receiver  panel.  It 
provides  a  visual  presentation  of  the  received 
signals. 

15.  The  four-position  signal  selector  switch 
is  located  at  the  upper  left  corner  of  the  receiver 
front  panel  and  is  marked  SIG  SEL.  Its  four 
positions  are  marked  as  follows: 

a.  plS  position  permits  normal  recep- 
tion of  radiosonde  signals   by  the  receiver. 

b.  GND,  120  CY,  and  CAL positions  are 
for  test  and  calibration  purposes. 

16.  The  speaker  volume  control  is  marked  - 
SPKR  VOL  and  is  located  near  the  lower  left  « 
corner  of  the  receiver  front  panelrlt  provides 

a   means   for  adjusting  the  speaker  volume. 

17.  The  frequency  meter  control  is  located 
below  and  to  the  right  of  the  speaker.  This  con- 
trol is  marked  FRM.  It  provides  a  means  for 
regulating  the  output  of  the  frequency  meter 
section. 
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Antenna.—  This  unit  is  a  vertical  half-wave 
dipole  which  operates  over  a  frequency  range  of 
390  to  410  mHz  and  has  a  characteristic  imped- 
ance of  52  ohms.  It  intercepts  the  signals  from  the 
radiosonde  transmitter  and  transfers  them  to 
the  receiver.  The  antenna  consists  of  two  in- 
sulated quarter-wave  sections  mounted  in  line 
and  separated  by  an  insulator.  The  upper  section 
is  a  metal  rod,  and  the  lower  section  is  a 
metal  tube,  or  skirt.  Jhe  antenna  has  a  doughnut 
shaped  directional  pattern  with  a  null  region 
directly  above  and  below.  The  intercepted  signal 
is  conveyed  to  the  receiver  by  100  teet  of  coaxial 
cable.  The  cable  has  an  impedance  of  52  ojfins 
and  attenuates  the  signal  approximately  6  db 
(decibels)  per  100  feet  at  400  mHz. 

Receiver.—  The  function  of  the  receiver 
section  of  Radiosonde  Receptor  AN/SMQ-K  )  is 
to  intercept  the  transmitted  signals  from  Radio- 
sonde AN/AMT-1M  )  and  relay  these  signals  to 
the  recorder  where  they  are  printed  for  evaluation. 

The  receiver  consists  of  seven  sections, 
each  of  which  is  an  integral  part  of  the  receiver. 
A  discussion  of  these  sections  would  be  in  the 
language  of  an  electronics  technician;  and  since 
it  is  not  the  purpose  of  this  course  to  train  you 
to  be  electronics  technicians,  they  will  be  listed 
cjjfcy  by  name.  .These  sections  are  as  follows: 
RF,  IF,  detector,  discriminator,  audio,  frequency 
meter,  and  monitoring. 


Recorder.—  The  recorder  is  an  electro- 
mechanical device  which  measures  the  varying 
DC  output  voltage  of  the  receiver  and  records 
this  information  on  chart  paper.  The  recorded 
data  is  a  continuously  changing  record  of  the 
pulsed  signal  repetition  rate  as  received  from  a 
balloon-borne  radiosonde.  The  recorder  contains 
a  comparator  section;  a  60-Hz  servoamplifier; 
a  pen-drive  servo  system  to  which  a  potentiometer 
is  connected,  feeding  back  a  reference  signal 
to  the  comparator. 

A  chart  drive  motor  controlled  . by  a  chart 
drive  switch  on\  the  front  panel  functions  to 
move  the  chart  continuously  at  a  controlled 
speed.  Two  sp6ed  selections  are  provided:  a 
recording  speed  of  one-half  inch  per  minute 
and  a  rapid  speed  of  10  inches  per  minute.  The 
rapid  speed  is  obtained  by  depressing  a  plunger 
mounted  on  the  front  panel. 

> 


Maintenance 

At  the  present  time,  the  only  maintenance 
requirements  to  be  performed  by  Marine  Science 
Technicians  are  testing  the  recorder  uccuracj 
and  routine  maintenance  including  exterior  cabi- 
net cleaning,  changing  recorder  paper,  and  check- 
ing the  ijjk  supply  in  th^  ballpoint  pen. 

Changing  Recorder  Paper.—  To  install  a  roll 
of  chart  paper,  release  the  jam  locks  holding  the 
front  panel  of  the  recorder  against  the  front  of 
the  cabinet.  Slide  the  recorder  chassis  out  to  its 
fully  extended  position  (figure  139).  Release  the 
locknut  on  the  right-hand  roll  support  adjusting 
screw,  turn  the  screw  outto  withdraw  the  support, 
and  remove  the  roll  of  chart  paper.  With  the  new 
supply  'roll  positioned  so  that  the  paper  will 
unroll  from  the  top  of  the  roll,  its  left  end  on 
the  fixed  support,  ancf  its  right  end  in  line  with 
the  retractable  support,  turn  the  adjusting  screw 
inward  until  the  roll  is  firmly  held  between  the 
supports.  The  adjustment  should  be  such  that  a 
slight  drag  is  felt  when  the  paper  is  pulled  from 
the  roll.  Thread  the  paper  around  the  guide  bars 
and  over  the  feed  roll,  as  shown  in  figure  140. 
Make  sure  that  the  paper  lies  flat  on  the  feed 
roll  and  that  the  sprocket  holes  enmesh  with  the 


i  ,      #  * 

Figure  139.—  Recorder  drawer  extended. 
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Figure  140.-  Paper  threading  diagrafn. 


sprocket  teeth  at  each  end  of  the  feed  roll  in 
alinement  Check  the  paper  feed  by  turning  the 
chart  drive  motor  to  the  ON  position. 

If  the  normal  speed  paper  travel  is  satis- 
factory, push  the  chart  high-speed  plunger  in 
and  observe  the  high  speed  travel.  Correct 
adjustment  of  the  right-hand  supply  roll  support 
will  permit  the  paper  to  be  drawn  tightly  from 
the  supply  roll  without  tearing  at  the  sprocket 
holes.  If  no  further  adjustment  of  the  feed  roll 
is  required,  hold  the  high-speed  plunger  in  until 
approximately  6  inches  of  chart  paper  are -fed- 
over  the  feed  roll.  Move  the  chart  drive  motor 
to*  the  OFF  position.  . 

k=  Fold  a  suitable  leader  edge  on  the  forward 
edge  of  the  paper,  as  shown  in  figure  140. 
Pull  the  picku^tape  from  the  takeup  roll,  pass 


it  around  the  end  of  the  table,  and  attach  the 
spring  clip  at  its  end  to  the  end  of  the  chart 
paper.  Turn  the  top  of  the  takeup  roll  forward 
with  the  fingers  to  tighten  the  pickup  tape. 

Cable  tension  should  be  such  that  a  light 
finger  pressure  on  the  cable  midway  between  the 
fixed  pulleys  on  the  left  side  will  deflect  the 
cable  between  one-sixteenth  and  three- sixteenths 
inch.  To  chefck  or  adjust,  pull  the  recorder  drawer 
to  the  full-out  stop.  Tension  may  be  increased 
by  turning  SCR  DRIVER  ADJ  clockwise. 

.Calibration.-  Calibration  of  the  AN/SMQ- 
1(  >  is  performed  in  accordance  with  the  basic 
manual  for  the  AN/SMQ-1(  )  and  Signal  Gen- 
erator SG-21B/U,  or  Linearity  Calibrator  LCU- 
705. 
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COMMUNICATIONS  EQUIPMENT 


THE  TELETYPEWRITER 

The  teletypewriter  is  little  more  than-an 
electrically  operated  typewriter.  The  prefix 
"tele"  means  "at  a  distance,0  Coupled  with 
the  word  "typewriter"  it  forms  a  word  meaning 
"typewriting  at  a  distance."  When  the  keyboard, 
which  is  similar  to  that  of  a  typewriter 
operated,  the  signals  produced  print  characters 
in  page  form,  called  a  hard  copy. 

The  characters  appear  at  both  sending  and 
receiving  stations.  In  this-  way,  one  teletype- 
writer will  actuate  ^as-many  machines  as  may  be 
connected  together.   An  operator  transmitting 
from  New  York  to  Boston  will  have  his  message 
repeated  in  Boston,  letter  by  letter,  virtually 
as  soon  as  it  is  formed  in  New  York,  The  same  > 
wili  apply  at  111  receiving  stations  that  tie  into  J 
the  network*  One  commonly  used  machine  \&f 
the  model  28  page  teletypewriter,  also  called 
the  model  28  printer,  a  machine  widely  used  by  x 
both  military  and  commercial  communication 
systems. 


external  features  of  this  machine.  The  numbers 
following  correspond  to  those  shown  in  figure  141. 

'  1.  POWER  SWITCH-When  turned  ON,  this 
switch  .starts  the  motor  in  the  teletypewriter 
and  makes  the  machine  operative.  To  secure 
the  machine,  turn  the  power  switch  OFF, 


2, 

graph. 


KEYBOARD—  Described  in  next  para- 


MODEL  28  TELETYPEWRITERS  ,b 

Model  28  is  -a-  manufacturer's  designation 
applied  to  a  complete  line  of  teletypewriter 
equipments.  Compared  with  some  of  the  older 
models,  the^cqmponents  of  the  model  28  series 
feature  smaller  size,  lighter  weight,  increased 
speeds,  quieter  operation;  and  less  maintenance. 
They  are  also  better*  suited  for  shipboard  use 
under  severe  conditions  of  roll,  vibration,  and 
shock. 

One  component  of  the  model  28  line  (desig- 
nated TT-48/UG)  is  the  keyboard-sending  and 
page-sending  and  page- receiving  teletypewriter 
shown  in  figure  141.  Let  us  look  At  some  of  the 


*  3;  BULLETIN  HOLDERS— There  are  two  on 
the  machine.  Used  as  necessary  for  recording 
any  information  an  operator  needs  to  have  at 
his  fingertips. 

4.  COVER  RELEASE  PUSHBUTTON- Re- 
leases cover  of  machine  for  raising, 

5.  COVER— Raised  for  access  to  typingunit. 
It  is  hinged  at  the  rear  and  is  counter- balanced 
by  a  mechanism  that  aids  in  lifting  and  holding 
it  open.  \ 

6.  COPYHOLDER  AND  LINE  GUIDE— The 
copyholder  holds  the  'message  to  be  typed.  The 
line  guide  helps  the  operator  follow  the  lines  as 
he  types.  „_  ^  „ 

-7.-  END-OF-LINE  INDICATOR  LIGHT— A 
red  lamp  that  lights  at  about  six  characters  from 
the  end  of  the  line.  The  machine  is  adjusted  to 
type  69  characters  to  the  line,  including  Spaces 
between  words  or  groups, 

8.  PAPER  RELEASE  LEVER — Located  un- 
der the  cover.  When  pushed  back,  this  contrplr 

_irees  the  paper  for  adjustment.  When  pujled 
forward,  it  holds  th\  paper  tight.  J 

9,  LID  RELEASE  PUSHBUTTON— When 
pushed,  it  releases  lid  of  machine  for  raising. 
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10.  UD—  When  raised,  it  provides  access  to 
the  paper,  paper  release  lever,  and  line  space 
lever. 

11.  MESSAGE— In  the  form  of  hard  copy. 

12.  LINE  SPACER  LEVER- Located  under 
the  cover.  Pull  forward  to  single  space;  push  back 
to  double  space. 


Figure  141.-  Model  28  teletypewriter  (TT-48/UG). 

symbols  for  transmission  of  weather  da*ta.  Sim- 
ilarities and  differences  in  the  two  keyboards 
are  illustrated  in  figure  142.  Observe  that  tne 
lowercase  characters  are  the  same  and  that 
letters  of  the  alphabet  appear  in  the  same  posi- 
tions.-The  difference  lies  -in  the  uppercase  of 
the  bottom  two  rows.  A  drained  operator  can 
use  either  the  qpmnunication  or  weather  key- 
board without  loss  of  speed  or  efficiency. 


13.  PLATEN  H ANDWH EE L —  Located  under 
the  cover.  When  depressed  and  turned,  it  feeds 
paper  in  direction  In  which  it  is  turaed-up  or 
down. 

14.  COPY  LIGHT— *A  clear  lamp  that  is  lit 
while  the  teletypewriter  is  on.  It  illuminates 
the  copy. 

Keyboards  * 

The  model  28  printer  is^equipped  with  either 
of  two  types  of  keyboards:  communication  or 
weather.  The  first  contains  letters  and  punc- 
tuation marks  common  to  the  standard  typewriter, 
and  the  weather  keyboard  provides  necessary 


Figure  143  is  another  illustration  ofihe  com- 
munication keyboard,  with  emphasis  placed  on 
the  function  keys.  The  action  performed  by  the 
function  keys  is  described  as  follows: 

1.  SPACE  BAR-The  space  bar,  located 
at  the  front  of  the  keyboard,  is  used  to  send 
spaces  (as  between  words)*. 

2.  CAR  RET  (carriage  return)— The  car- 
riage return  key  is  used  to  return  both  the  type 
box  carriage  and  the  printing  carriage  to  the 
left  to  start  a  new  line  of  typing. 

3.  LINE  FEED— When  depressed,  this  key 
causes  the  paper  to  feed  ii^ward  one  or  two 
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Figure  142.-  Two  types  of  teletypewriter  ^ 
keyboards. 

spaces  depending  upon  the  position  of  the  single- 
double  line  feed  lever  located  on  the  typing  unit. 

4.  FIGS  (figures)— The  figures  key  is  pres- 
sed to  condition  the  machine  for  printing  fig- 
ures, punctuation  marks,  or  other  uppercase 
characters . 


5.  LTRS  (letters)-The  letters  key  is  used 
to  condition  the  machine  for  printing  the  letters 
(lowercase)  characters. 

6.  BULL—  Operation  of  the  BLLLkey  (which 
is  uppercase  action  of  the  S  key)  causes  a 
signal  bell  to  rini^cally  and  at  distant  stations. 

7.  BLANK  (unlabeled  key  in  bottom  row)— 
Depressing  the  blank  key  twice  (effective  in 
either  uppercase  or  lowercase)  locks  all  key- 
boards in  the  circuit  and  renders  them  inoper- 
ative by  setting  up  the  receive  condition.  Res- 
toration to  the  send  condition  is  accomplished, 
under  individual  circumstances,  through  oper- 
ation of  the  KBD  UNLK  key  by  the  operator  de- 
siring to  send  from  his  keyboard. 

8.  BREAK— To  stop  (break)  another  sta- 
tion's sending,  depress  the  BREAK  key  for  about 
3  seconds.  This  causes  the  KBD  LOCK  key  to 
drop  and  lock  keyboards  on  both  sending  and 
receiving  machines.  After  a  break  it  is  neces- 
sary to  operate  the  KBD  UNLK  key  to  free  the 
keyboard  for  sending. 

9.  REPT  (repeat)— To  repeat  a  character, 
depress  the  character  key  and  the  REPT  key. 

TU«   ,i  ...ill       1  L.  1       -       I  -  .A 


The  character  will  be*  repeated  au 
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Figure  143.—  Model  28  keyboard  with  emphasis  on  function  keys. 
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Figure  144.—  Model  28  typing  unit. 


The  four  keys  described  next  perform  their 
functions  only  on  the  machine  on  which  the  key 
is  operated  (referred  to  as  "local  machine"), 
without  affecting  any  other  machine  on  the  line. 

10.  LOC  LF  (local  line  feed)-To  feed  the 
paper  up  in  the  local  machine,  depress  the  LOC 
LF  key,  which  feeds  the  paper  up  automatically 
and  rapidly  as  long  as  it  is  held  down.  This  key 
is  for  use  in  locally  feeding  up  paper  to  tear  off 
a  message  not  fed  up  far  enough  by  the  trans- 
mitting station*  It  also  is  used  when  a  new  supply 
of  paper  is  inserted  into  the  machine. 

11.  KBD  LOCK  (keyboard  lock)-To  lock 
the  keyboard  Ion  the  local  machine,  depress  the 
KBD  LOCK  key.  The  keyboard  is  now  inoper- 
ative until  released  by  the  KBD  UNLK  (keyboard 
unlock)  key.  The  KBD  LOCK  key  also  drops 
automatically  when  the  power  switch  is  turned 
OFF,  when  the  BREAK  key  is  operated,  or  when 
a  break  is  received. 

12.  KBD  UNLK  (keyboard  unlock)-To  un- 
lock thr  kt'ylkianl  on  the  local  machine,  depress 


the  KBD  UNLK  key.  This  action  raises  the 
KBD  LOCK  key,  making  the  keyboard  operative. 
Operate  this  key  after  turning  on  the  power 
switch  and  after  sending  or  receiving  a  BREAK. 

13.  LOC  CR  (local  carriage  return)— To 
return  the  type  box  to  the  left  margin  on  the 
local  machijie,  depress  the  LOC  CR  key.  This 
key  is  for  use  in  omission  of  carriage  return 
at  the  end  of  a  transmission  from  another  sta- 
tion: 

Typing  Unit 

The  model  ~28  typing  unit  is  shown  in  figure 
144.  Printing  is  produced  by  the  type  box, 
which  .contains  the  charactexs  and  symbols  shown 
on  the  key  tops.  Operation  of  keys  and  the  space 
bar  moves  the  type  box  across  the  platen  from 
left  to  right.  On  each  key  stroke,  the  type  box 
is  moved  into  position  for  the  printing  hammer 
to  strike  the  proper  type  pallet,  printing  the 
character  on  the  paper.  Operation  of  the  CAR 
RET  key  returns  the  type  box  to  the  left  margin, 
and  operation  of  the  LINE  FEED  key  moves  the 
paper  up  to  the  next  line! 
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The  force  of  the  printing  blow  is  controlled 
by  the  printing  spring  adjusting  bracket,  which 
is  set  for  the  individual  service  requirement 
according  to  the  number  of  carboncopies  required. 
Notch  1  is  for  one  to  three  copies,  and  notch  2 
for  four  or  five  copies.  If  copies  are  either  too 
light  or,  too  dark,  the  force  of  the  printing  blow- 
can  be  adjusted  by  moving  the  printing  spring 
adjusting  bracket,  taking  care  not  to  make,  the 
printing  blow  any  heavier  than  necessary  to  pro- 
duce satisfactory  copies. 

Type  pallets  are  arranged  in  four  rows.  The 
type  box  moves  up  and  down  in  selecting  the  row 
in  which  each  character  to  be  printed  is  located. 
Lowercase  characters  are  in  the  left  half  of  the 
box,  and  uppercase  characters  are  in  the  right 
half.  The  type  box  moves  left  and  right  on  shift- 
ing and  unshifting  operations,  rather  than  in  the 
familiar  up-and-down  motion  of  carriage  shift- 
ing on  the  typewriter  and  older  teletypewriters. 
This  combined  vertical  and  horizontal  motion 
brings  the  character  to  be  printed  into  line  with 
the  printing  hammer.  There  are  two  pointers 
>n  the  type  box:  the  LTRS  pointer  on  the  left  and 
the  FIGS  pointer  on  the  right.  When  typing  stops, 
the  {jointer  at  which  the  printing  hammer  is  aimed 
indicates  where  the  next  character  will  be  printed. 
If  the  printing  hammer,  is  aimed  al  the  LTRS 
pointer,  the  type  box  is  in  lowen&se.  If  the 
printing  hammer  is  aimed  at  the  FIGS  pointer, 
*  the  type  box  is  in  uppercase.  An  operation  shift- 
ing the  type  box  to  uppercase  or  lowercase  moves 
the  corresponding  pointer  to  the  typing  location. 

OPERATING  THE  MODEL  28  TTY 

^The  controls  and  parts  used  to  operate  the 
model  28  printer  are  illustrated  in  figures  141 
and  143.  You  will  find  frequent  reference  to 
these  illustrations  helpful  in  comprehending  the 
instructions  for  operating  this  equipment. 

Assuming  that  the  printer  is  functioning  prop- 
erly and  is  connected  to  an  incoming  signal,  the 
only  action  necessary  to  commence  receiving 
traffic  is  to  apply  power  to  the  equipment.  This 
is  accomplished  by  rotating  the  power  switch 
(located  slightly  below  and  to  the. right  of  the_ 
keyboarci)  upward  to  the  ON  position.  Do  not 
be  alarmed  if  the  first  few  characters  are_ 
garbled,  because  the  printer's  driving  motor 
requires  several  seconds  to  attain  running 
speed.*'"  * 


Conditioning  the  machine  for  transmitting  is 
a  simple  process.  After  applying  power  and 
allowing  the  motor  to  attain  running  speed,  de- 
press the  BREAK  key  and  hold  it  down  for  at 
least  2  second^.  This  locks  the  keyboards  of 
all  stations  on  the  circuit.  Additionally,  de- 
pressing the  BREAK  key  starts  the  motors  df 
those  machines  in  which  the  motor  shutoff  mech- 
anism is  utilized.  (Model  28  printers  have  a 
mechanism  that  shuts  off  the  motor  when  no 
signal  is  received  for  approximately  2  minutes, 
but  the  mechanism  often  is  disabled  by  stations 
not  desiring  this  feature.)  After  releasing  the 
BREAK  key,  press  the  KBD  UNLK  key  to  unlock 
your  keyboard.  The  machine  now  is  ready  for 
transmitting  to  other  stations.- 

Transmission  begins  at  the  keyboard.  With 
the  touch  system,  use  the  CAR  RETvkey  as  a 
guide  for  the  right  hand  and  the  A  key.  for  the 
left  hand.  The  little  finger  of  each  hand  is  used 
on  the  guide  key.  It  is  important  that  you  use  a 
light,  quick,  even  touch  on  the  keys.  Force  is 
unnecessary  because  the  machine  is  operated 
electrically.  Operation  of  the  teletypewriter  re- 
quires accuracy,  rhythm,  confidence,  and  speed, 
in  their  proper  relation.  .Although  a  light  touch 
is  essential  to  speed,  each  key  must  be  pres- 
sed in  a  positive  manner.  Otherwise  you  may 
be  writing  the  word  FOR  and  have  FR  appear 
on  the  page  simply  because  the  letter  O  was 
pressed  without  allowing  sufficient timeior  print- 
ing the  letter  F.  To  become  a  skillful  teletypist, 
proficiency  in  the  touch  System  of  typing  is,  of 
course,  a  "must." 

The  function  keys  represent  "functional  op-^ 
erations,"  or  nontyping  selections;  that  is,  when 
pressed,  they  do  not  print  anything  on  the  page. 
Each  function  key  was  described  in  our  dis- 
cussion of  the  keyboard,  but  let  us  review  the 
ones  used  most  commonly  in  transmitting  mes- 
sages. These  are  the  figures  (FIGS)  key,  the 
letters  (LTRS)  key,  space  bar,  carriage  re- 
turn  (CAR   RET)    key,   and  LINE  FEED  key. 

To  shift  the  machine  to  the  uppercase  for 
typing  numerals,  punctuation  marks,  and  special 
characters  indicated;  on  the  upper  part  of  the 
keys,  press  FIGS..  To  UNSHIFT  the  machine, 
press  LTRS,  and  type  the  letters  of  the  alpha- 
bet. 

The  space  bar  is  used  to  space  between  either  * 
words  or  characters.  On  our  printers  the  space 
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bar  functions  the  same  whether  uppercase  or 
lowercase  characters  are  transmitted..  Some 
commercial  machines,  however,  have  a  feature 
called  "unshifton  space,"  which  means  the  print- 
er returns  to  lowercase  after  each  space.  In 
fact,  *all  printers  have  this  feature,  but  on 
our  machines  it  is  purposely  disabled.  The 
operating  procedure  explained  in  this  section 
requires  that  you  press  the  FIGS  key  before 
each  group  of  uppercase  characters  so  that  the 
distant  machine  will  print  characters  in  the 
proper  case  whether  it  is  adjusted  to  unshift  on 
space  or  to  remain  in  uppercase. 


The  CAR  RET  key  is  used  to  return  the  car- 
riage to  the  beginning  of  the  line.  Usually  the 
machine  is  adjusted  to  print  a  line  69  characters 
in  length.  This  includes  the  spaces  between 
the  typed  words.  The  end-of-line  indicator  lamp 
lights  about  six  characters  before  the  end  of 
the  line. 


The  LINE  FEED  key  feeds  the  paper  up,  one 
to  two  lines  at  a  time,  thus  preventing  over- 
lining. 


The  latter  two  functions-carriage  return  and 
liiie  feed— also  are  perfdfmed  automatically  by 
the  printer  upon  printing  the  69th  character  on 
each  line.  This  prevents  characters  piling  up 
at  the  end*  of  a  line  when  the  normal  carriage 
return  and  line  feed  functions  are  not  received. 


MISCELLANEOUS  OPERATING  FEATURES 


To  raise  the  cover  for  access  to  the  typing 
unit  to  change  paper  and  ribbon  qr  to  clean  type, 
press  the  cover  release  pushbutton  and  lift  the 
cover.  To  raise  the  lid  for  access  to  the  paper, 
press  the  lid  release  pushbutton  and  lift  the  lid. 
To  turn  the  paper  up  or  down,  raise  the  cover, 
and  press  and  hold  down  the  platen  handwheel 
(so  that  it  engages  the  platen  ratchet  wheel) 
whileHforning  it  in  the  desired  direotion.  Do  not 
attempt  to  hold  down  or  operate  the  platen  hand- 
wheel  while  the  teletypewriter  is  operating.  To 
adjust  ^the  paper,  raise  the  lid,  push  back  the 
paper^release  lever  to  freethe  paper,  straighten 
the  paper,  and  pull  the  lever  forward  to  its 


normal  position.  To  set  the  line  spacing  for 
single  or  double  space,  raise  the  lid,  press  the 
line -space  lever  to  the  left,  and  pull  it  forward 
<  for  single  space  or  push  it  back  for  double  space. 
To  space  to  a  desired  location  for  typing,  space 
the  type  box  over  until  the  LTRS  pointer  is  at 
the  desired  typing  location.  Then,  if  upper- 
case is  desired,  operate  the  FIGS  key.  / 


Changing  Paper 


To  insert  a  new  roll  of  paper  in  the  model 
28,  first  shut  off  the  power.  Press  the  cover  re- 
lease, pushbutton  and  lift  the  cover.  (Refer  as 
necessary  to  figures  145  and  146.)  Push  back 
paper  release  lever,  lift  paper  fingers,  and 
pull  paper  from  platen* 


Lift  the~  used  roll  from  machine  and  remove 
spindle  from  core  of  used  roll.  Insert  spindle 
in  new  roll.  Replace  spindle  in  spindle  grooves 
with  paper  feeding  from  underneath  roll  toward 
yqu.„  Feed  paper  over  paper- straightener  rod, 
down  under  plateiv  and  up  between  platen  and 
paper  fingers.*  Pull  paper  up  a  few  inches  be- 
yond top  of  platen,  and  straighten  it  as  you  would 
straighten  paper  in  a  typewriter.  Then  lower 
paper  fingers  onto  paper  arid  pull  paper  release 
lever  forward.  O 


While  inserting  paper,  take. care  not  to  dis- 
turb the  ribbon  on  the  type  box  latch.  After  paper 
is  ,in  place,  check  to  see  that  the  ribbon  is 
still  properly  threaded  through  the  "ribbon  guides. 
Also  check  to  make  *certain  the  type  box  latch 
has  not  been  disengaged.  The  latch  should  be 
in  a  position  holding  the  type  box"  firmly  in 
place.  Close  cover.  Open  lid  by  pressing  lid 
release  pushbutton,  bring  up  the  end  of  the 
paper,  and  close  lid  with  paper  feeding  out  on 
top  of  it. 


Changing  Ribbon 


To  replace  a  worn  ribbon,  press  cover 
release  pushbutton  and  lift  cover.  (Refer  as 
necessar^^Tli^tires  147.  and  148.)  Lift  rib- 
bon spool  locks  to^syertical  position  and  re- 
move both  spools  froni\  ribbon  spool  shafts. 

■  -  ■>  j 
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Figure  147.—  Ribbon  inserted. 
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Figure  148.—  Ribbon  spool  mechanism. 


type  box  latch  has  not  been  djsengaged.  The 
latch  sfcould  be  m  position,  holding  the  type  box 
firmly  in  place. 

Turn  the  paper  up  a  few  inches  by  pressing 
down  and  turning  platen  handwheel.  Close  cover. 
Ope/i  lid,  bring  up  the  end  of  the  paper,  and  close- 
lid,  with  paper  feeding  out*Qji  top  of  it. 


,  Remove  ribbon  frbip  ribbon  rbllers,  ribbon  re- 
verse  levers,  and  ribbon  guides.  •  Unwind  and 
remove  old  ribbon  from  one  of  the  spools.  Hook 
end  of  new  ribbcto  to  hub  of  empty  spool  and  wind 
■until  reversing  eyelet  is  on  the  spool.  If  the  rib- 
boa  has  no'  hook  at  the  end,  the  spool  will  have 
a  barb  that  should  be  used  to  pierce  the  ribbon 
near  its  end. 

Replace  spools  on  ribbon  spool  shafts,  making 
sure' they  go  down  on  spool  shaft  pins,  and  that, 
the  ribbon  feeds  from  the  outside  of  the  spools. 
Turn  down  ribbon  spool  locks  to^a  horizontal 
position,  locking,  spools  in  place.  Thread  rib- 
hon  forward  around  both  ribbbn  rollers  and  through 
the  slots  in  the  ribbon  lever??  and  ribbon  guides. 
Take  up  slack  by  turning  free  spool.  After  slack 
has  been  taken  up,  check  to  make  certain  that 
ribbon  is  still  properly  threaded  through  ribbon 
guides  and  that  the  reversing  eyelet  is  between 
the  spool  anc>  t{ie  reverse  lever.  Also  see  that  the 
'  O 


Cleaning  Type 

When  printing  is  smudged,  the  type  should 
be  cleaned.  You  must  remove  the  type  box 
frorn^  the  machine.  Open  cover  and  unlock  type 
box  latch  by  moving  it  to  the  right  (see  figure 
14§).  Grasp  handle  on.  right  side  of  type  box 

.  and  raise  that  side  up  and  to  the  left  until  the 
type  box  unhooks  » on  the  left  side  and  can  be 
freed  from  type  box  carriage.  Turn  type  box 
over  to  side  with  type  (figure  150)  and  clean 
with  a"  dry,  hard-bristle  brush.  DO  NOT  use 

\  type  cleaning  solution. 

To  replace  type  box,  hold  it  with  type  tdwarcl 
platen  and  the  large  hook  on  the  left.  Slip  this 
hook  under  stub  in  front  of  left  type  box  Toiler 
and  push  smaller  hook  on  the  right  side  down  into 
place  on  stud  in  front  of  right  type  box  roller. 
Hold  type  box  latch  in 'horizontal  position  and 
move  to  left  over  latching  notch  as  far  as  it  will 
go.'  Raise  latch       vertical  and  press  to  left 
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Figure  150.—  Type  box,  front  and  back. 

until  it  locks  into  latching  notch.  Check  to  see 
that  the  ribbon  is  still  threaded  properly. 


THE  FACSIMILE 

S?me  weather  offices  are  equipped  with 
facsimile  equipment  which  is  used  to  receive 
and  record  maps.  Facsimile  transmission  may 


*9  . 

Type  box  in  place, 

be  accomplished  either  by  wire  (landline)  or  by 
radio.  In  the  United  States  the  method  oi  trans- 

/mission  is  principally  by  wire.  Shipboard  and 
overseas  stations  receive  facsimile  weather 
charts  by  radio  on  certain  designated  broadcast 
frequencies. 

ALDEN  FACSIMILE 

The  Alden  Weather  Map  Receiver  is  a  fully 
automatic  continuous  weather  map  receiver  which 
uses  the  simple  electromechanical  principle  of 
the  Alden  recording  technique  and  Alfax  elec- 
.  trosensitive  paper  on  which  electricity  acts  as 
ink.  (See  figure  151.)  ftie  receiver  isJ34uinches 
wide,  24  inches  deep,  and  56  inches  high,  and 
stands  on  casters.  Paper  used  in  the  recorder 
is  white  and  comes  in  170-foot  rolls.  A  crisp 
sepia^  map  on  a  clean  white  background  is  pro- 
duced The  paper  is  thin  and  suitable  for  re- 
production directly  by  the,  Bruning  or  Ozalid 
process.  It  is  packaged  in  a  polyethylene  film 
and  can  be  sfored  indefinitely  without  dating." 
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Figure  151.—  Alden  Facsimile  Recorder. 

The  chemically  treated  paper  has  a  moisture 
content  of  about  40  percent  and  is  maintained  in 
storage  by  the  sealed  package  and  in  thg-jce- 
corder  by  the  cover  which  encloses  the  paper 
from  its  supply  to  the  feedout  path.  With  the 
front  cover  open,  the  roll  of  paper  is  easily 
snapped  into  place.  After  the  cover  is  closed,  the 
seal  is  completed  and  the  recorder  is  ready  for 
use.- 


Special  features  of  the  receiver  are  that  an 
automatic  programing  time  clock  is  included 
and  that  the  change  in  scah  rate  is  easily  ac- 
complished by  a  simple  hand  operation  by  station 
persorinel.  The  recorder  is  designed  to  ojJerate 
on  either  60  or  120  scans  per  minute. 
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Figure  152.—  Recorder  operation  of  the 
Alden  Facsimile. 

Principles  of  Operation 

The  recorder  has  a  helix  drum  which  rotates 
*  synchronously  with  a  scanner  at  the  sending 
point.  The  paper  passes  between  two  electrodes; 
one  is  a  continuously  moving  blade  in  the  covar 
above  the  paper,  and  the  other  is  a  resilient 
helix  wire-mounting  .oij  a  rotating  drum  under- 
neath the  paper.  (See  figure  152.) 

As  the  scanner  sees  the  maps  as  an  ON- 
OFE  signal,  it  causes  current  or  no  current  at 
any  instaftt  between  the,  helix  and  the  loop  elec- 
trode. The  helix  wire  then  contacts  the  loop 
electrode  of  one  point  from  left  to  right.  The 
point  of  contact  performs  the  work.  When  the 
paper  passes  between  contacts  at  this  point, 
there  is  an  electrochemical  action  which  causes 
ions  to  leave  the  loop  electrode!  and  plate  the 
surface  of  the  paper  ^with  th§  markings.  This 
spot,  multiplied  by  ON- OFF  pulses,  then  pro- 
duces the  exact  facsimile  of  the  map  scanned 
in  the  scanner. 

Operating  Instructions 

The  operating  instructions  are  as  follows: 

9  1.  Turning  Recorder  ON-OFF.  Turn  the 
recorder  ON  or  OFF,  using  the  power  switch 
located  on  the  left-hand  side  of  the  cabinet, 
trigger  the  manual  start  switch  on  the  auto- 
rephase  chassis  to  start  recording  during  map 
signals.  Observe  "no  paper''  indication  light 
(OFF  OK).  Recorder  shuts  off  at  the  end  of  the 
paper. 
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2.  Setting  the  Program  Clock.  Set  start  to 
occur  prior  to  first  map  required,  placing  start 
pin  inside  circle.  Set  stop  to  occur  during  last 
required  map,  placmg  stop  pins,  in  outside  cir- 
cle. Put  pin  4n  day^ial  for  the  day<the  re- 
corder is  to  be  OFF.  ' 

«  r 

3.  Marking  Amplifier  Adjustment.  To  adjust 
for  best  recording,  turn  sfgnal  level  control 
olpckwise  from  zero  to  point  where  signal  indi- 
cator begins  fja^hing;  turn  white  level  control 

.  counterclockwise  to  point  where  lightest  map 
signal  is  still  printing.  Once  setf  the  automatic 
gain  control  compensates  for  all  normal  line 
level  variations.  NOTE:  Signal  level  set  higher 
than  necessary  deduces  map  sharpness.  White 

:  level  overcontrol  removes  light  signal.  Setting 
for  normal  line  conditions  aye  4  and  4. 

4.  Automatic  Paper  Advance.  AUTOMATIC^ 
FAST  FEED  switch  in  ON  position  will  advance 
paper  6  inches  at  the  £nd  of  each  map.  The  MAN- 
UAL FAST  PAPER  ADVANCE  switch  is  located 
on  the  upper  right-hand  side  of  the  recorder 
case.  NOTE:  MARKING  SIGNAL  TEST  AND 
SIGNAL  MONITOR  switches  on  marking  amplifier' 
should  be  to  the  left  when  recording.  See  op- 
-erafing  manual  for  line  level  tests. 

To  change  recorder  speed  while  recorder  is* 
running,  proceed  as  follows: 

1.  Drum  Motor.  Set  selector  switch  to  either 
60  or  120  rpm. 

2.  Paper  Feed.  Press  manual  start  switch 
on"  the  auto  rephase  chassis  and  hold  while 
pressing  pie  60  or  120  rpm  feed  button  (upper 
right  side  of  the  recorder  head) . 

To  get  the  best  tesults  from  this  machine,  it 
is  imperative  that  the  recorder  be  kept  clean  and 


that  the  expendable  parts  be  replaced- before 
they  have  worn  so  far  that  a  good  copy  cannot 
be  obtained1. 

*  i 

MISCELLANEOUS  FACSIMILE  EQUIPMENT 

There  are  several  other  facsimile  recorders 
still  in  use  aboard  ship  and  at  overseas  stations. 
These  include  |he  RD-92/UX,  which  has  a  scan 
capability  of  30-60  lines  per  minute;^the  RO- 
160/UX,  60-12P  lines  per  minute;  and  the  RO- 
172/UX,  90-120  lines  per  minute.  Many  weather 
units  utilize  this  equipment  as-"backupM  for  the 
more  modern  facsimile  recorders. 

These  recorders,  like  the  AN/UXH-2,  re- 
quire a  radio  receiver  and  the  proper  converter 
for  facsimile  weather  chart  reception.  The  RD- 
"  92/ UX  utilizes  the  CV-172/UX  converter,  and 
the  RO-1£0/UX  and  RO-172/UX  utilize  the  CV- 
1066/UX  converter. 

Air  of  these  recorders  have  the  same  basic 
working  principle.  For  the  purpose  of  brevity, 
only  the  theory  of  operation  of  the  RD-92/UX  is 
discussed  now. ' 

The  RD-92/UX  is  used  for  direct  stylus 
(electrical  arcing)  recording  only.  When  receiv- 
ihg  the  copy,  the  recorder  drum  rotates  at  a. 
speed  of  60  rpm.  As  the  drum  rotates,  a  mech- 
anical mectontem  holding  a  stylus  needle  is  moved 
across  the  drum  to  the  right.  The  styhis  needle 
records  on  a  single  sheet  of  paper  fastened 
on  a  drum  .at  the  rate  of  4 one  scanning  line 
for  each  revolution  of  the  drum.  When  the  paper 
is  covered  completely,  from  left  to  right,  the 
stylus  is  returned  automatically  to  the  left  side 
of  the  drum. 
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SPECIAL  INSTRUMENTATION 


METEOROLOGICAL  SATELLITES 

The  world's  first  .successful  meteorological 
satellite,  the  TIROS  I,  was  launched  by  the 
United  States  in  1960.  Sincet  then  "many  other 
meteorological  satellites  have  been  launched. 
The  earlier  satellites  had  restricted  capabilities 
due  to  their  limited  power,  supply,  limited  pic- 
ture storage  capacity,  low  latitude  orbit,  and 
satellite*  attitude  characteristics.  Most  of  these 
problems  have  been  solved,  so  that  now  mete- 
orological satellites  are  capable  of  presenting 
a  complete  global  weather  picture  on  a  daily 
basis. 


TECHNICAL  SPECIFICATIONS 

The  TIROS  satellite  is  a  relatively  small 
instrument  that  is  about  3  1/2  feet  in  diameter 
and  about  1  1/2  feet  high.  It  weighs  about  300 
pounds.  Most  weather  satellites  have  two  TV 
cameras  installed,  but  the  camera  placement 
differs  in  the  various .  satellites.  Other  equip- 
ment contained  in  these  satellites  include  a 
transmitter,  tape  recorder,  electronic  timers, 
batteries,  and  infrared  temperature^sensing  de- 
vices. *  * 

TIROS  satellites  have  been  launchecTwith 
the  TftOR-Able  and  THOR-Delta  rockets.  The 
earlier  satellites  werednclined  about  48%  mean-r 
ing  that  tneir  orbits  range  from  about  48# 
north  latitude  to  48s  south  latitude  and  required 
about  100  minutes  to  complete  their  orbit  at  an 
average  altitude  of  400  nautical  miles. 

The  latest  satellites  are  called  ESSA  (en- 
vironmental survey  satellites)  and  are  part  of  the 
TOS  (TIROS  Operational  System).  They  are  sun 
synchronous  (cross  the  Equator  at  the  same 
time  each  day),  earth  oriented,  and  in  a  750- 


Figure  153.-*  Various  weather 
satellites'  orbits.  * 

nautical-mile  circular  polar  orbit.  (See  figtSre 
153.)  m  " 

A  ^recent  operational  development  is  the 
APT  (Automatic* Picture  Transmission)  system. 
This  device  is  flown  with  the  satellite  and 
provides  photographs  directly  to  properly  equip- 
ped land  or  shipboard  stations.  These  stations 
have  the  capability  of  either  "read-out"  from  their 
own  antenna  o*"remotedM  from adistant  antenna. 
By  this  method,  a  facsimile  picture  of  weather 
conditions  ovier  a  large  area  is  produced  in  a 
little  over  five  minutes. 

TIROS  nephanalyses  charts  are  transmitted 
over  the  National  Weather  Facsimile  Network. 

AUTOMATIC  WEATHER  STATIONS 

For  many  years,  the  National  Weather  Service 
has  been  hampered. by  the  paucity  or  total  lack 
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t  of  weather  observations  from  remote  oceanic 
and  sparsely  populated  regions  of  the  world, 
A  solution  to  this  problem  was  the  installation 
of  automatic  weather  stations.  The  automatic 
weather  station's  purpose  is  to  collect  weather 
reports  and  transmit,  these  reports  by  radio 
to  monitoring  stations.  There  are  twp-  basic 
types  of  automatic  weather  stations— the  land- 
based  and  the  marine  types.  The  most  successful 
AWS  have  been  the  NOMAD  AN/SMT-K  )» Trans- 

•obuoy  AN/WMT-1,  and  the  Polar  AWS,  AN/ 
GMT-4(        -  . 


NOMAD  AN/SMT-K  )  [ ' 

Marine,  Automatic*  Meteorological  Station 
(NOMAD)  AN/SMT-K  )  (figure  154)  is  a  moored, 
boat-type  automatic  weather  station.  It  is  con- 
structed of  aluminum  alloy  and  other  nonmagnetic 
,  materials  and  is  20  feet  long  with  a  10-foot 
beam*  It  houses  a  complete  meteorological  sta- 
tion, in  addition  to  other  instrumentation  which, 
is  used  for  oceanographic  research.  The  NOMAD 
is  moored  in  deep  watery  (as  much  £s  1,&75 
fathoms). 


Figure  154.-  NOMAD,  AN/SMT^1(  ). 
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NOMAD  measures  air  temperature,  water 
temperature,  barometric  pressure,  wind  speed, 
wind  direction,  and  the  direction  of  the  ocean's 
surface  currents.  When  the 'wind  speed  is  low; 
observed  data  is  transmitted  once  each  6  hours. 
During  periods  of  high  winds,  the  broadcasts 
are  at  hourly  intervals.  NOMAD  transmits  its 
weather  reports  on  a  preassjgned  frequency. 
The  reports  are  monitored  by  specified  stations, 
but  have  been  monitored  for  quite  some  distance 
by  other  stations  as  well.  Powf*.  is  supplied  to 
the  NOMAD  by  batteries;  however,  atomic  bat- 
teries are  under  development  and  may  soon  be 
used. 

The  first  NOMAD  made  was  moored  in  the 
Gulf  of  Mexico  and,  with  its  success,  ■  other 
,  NOMAD's  were  positioned  off  Norfolk,  San Diego, 
*and  Charleston,  J3.  C.  " 

TRANSOBUOY  AN/\VMT-1(  ) 

TRANSOBUOY  AN/WMT-K  )  (figure  155) 
is  a  free- floating  or  moored  automatic  weather 
station  developed  for  the  purpose  of  providing 
weather  reports  from  the  open  oceai^.  The 
TRAKSOBl'QY  is  about  10  feet  in  length  and  30 
inches  in  diameter  and  weighs  about  750  pounds 
total.  It  has  a  20-foot. whip  antenna  through 
which  it  transmits  on  one  of  two  different 


Figure  155.—  Transobuoy  AN/WMT-K  ). 


frequencies  for  programed  ranges  of  between 
1,000  to  2*000  miles.  It  has  been  monitored  for 
distances  of  4,000  miles. 

The  TRANSOBUOY  transmits  barometric 
pressure,  air  temperature,  sea  water  tempera- 
ture, wind  speed,  and  wind  direction  every.  6 
hours.  The  powering  batteries  last  about  6 
months,  and  then  the  TRANSOBUOY  needs  serv- 
icing and  replacement  of  batteries.  When  the 
TRANSOBUOY  is  a  free-floating  buoy,  it  has 
.to  be  tracked  to  be  located.  When  moored, 
the  TRANSOBUOY's  position  is  known.  It  can 
be  moored  in  water  700  fathoms  or  more  in 
depth, 

POLAR  AUTOMATIC  WEATHER 
STATION  AN/GMT-4(  ) 

The  Polar  Automatic  Weather  Station  (PAWS) 
ANf/GMT-4{  ),  (figure  156)  is  a  completely  auto- 
matic weather  station  which  measures  meteoro- 
logical elements  and  transmits  them  by  radio.  The 
PAWS  is  designed  to  function  primarily  in  frigid  or 
polar  climates  in  order  to  fill  the  need  for  weather 
reports  from  inaccessible  regions  where  manned 
stations  are  not  practicable.  Since  the  equipment  is 
designed  to  operate  on  ice  or  slush, the  main  struc-  , 
ture  is  in  the  form  of  a  sled  with  external  pontoons 
for  added  stability.  n 


Figure  15^.-  Polar  AWS,  AN/GMT-4(  ). 
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The  equipment  is  designed  to  be' brought  to 
a  designated  place  by  helicopter.  Once  there, 
it  can  be  set  up  by  one  or  two  persons  in  a 
matter  of  a  few  minutes.  Once  placed  in  op- 
eration, it  automatically  measures  and  transmits 
at  preselected  intervals  the  following  data:  station 
barometric  pressure,  air  temperature,  water- 
air   interface   temperature,    station  magnetic 


orientation,  wind  direction,  wind  speed',  and 
a  station  call  signal.  The  radio  transmitter  is 
so  designed  that  it  may  be  called.  The  PAWS 
is  powered  by  a  battery.  The  battery  must  be 
recharged  periodically;  however,  a  recent  devel- 
opment has  provided  an  atomic  recharger  .for 
the  battery,  making  the  unit  more  self-suffipient 
for  longer  periods. 
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APPENDIX  I* 


AN  NOMENCLATURE  SYSTEM 


Part  1.  —Equipment  indicator  letters. 


Installation' 


A— Airborne 


B—  Underwater  mobile, 
submarine. 

D— Pilotless  carrier. 

F— Fixed. 

G—Ground,  general 

ground  use  (includes  two 
or  morfc  ground  installa- 
"  tions). 

K— Amphibious. 

M—  Ground,  mobile  (in- 
stalled as  operating 
unit  in  a  vehicle  which  ' 
has  no  functions  other 
than  transporting  the 
equipment), 

P— Pack  or  portable 
(animal  or  man). 

>  t 

S— Water  surface  craft. 

T— Ground,  transport- 
able 

U— General  utility  (includes 
two  or  more  general 
installation  classes, 
airborne,  shipboard, 
and  ground) 


Type  of  equipment 


A— Invisible  light,  heat 
radiation. 

C— Carrier. 

D-Radiac. 

E— Nupac  (nuclear  protec- 
tion "and  control). 

F— Photographic 

G— Telegraph  or  teletype. 

I— Interphone  and  public 
address*. 

J— Electromechanical  (not 
otherwise  covered). 

K— Telemeter  ing . 

L— Countermeasure . 

M— Meteorological . 

N— Sound  in  air. 

P-Radar.  ■. 

Q— Sonar  and  underwater 
sound. 

R-Radio. 


Purpose 


A— Auxiliary  assemblies  (not 
complete  operating  sets). 

B— Bombing. 

C— Communications  (receiving  and 
transmitting). 

D— Direction  finder,  reconnais- 
sance and/or  surveillance. 

E— Ejection  and/or  release. 

G— Fire  control  or  search-light 
directing. 

H— Recording  and/or  reproducing 

*  (graphic  meteorological  and 
sound.) 

K— Computing. 

M— Maintenance  and  test  assem-  • 
blies  (including  tools).'. 

N— Navigational  aids  (including 

*  altimeters,  beacons,  com- 
passes, racons,  depth  sounding, 
approach,  and  landing). 

Q—Special  or  combination  of  pur- 
poses. 

R— Receiving,  passive  detecting. 

S— Detecting  and/or  range  and 
bearing,  search. 
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Part  1.—  Equipment  indicator  letters— Continued 


Installation 

'  Type  of  equipment  <f 

Purpose 

V— Ground/  vehicular 
(installed  in  vehicle 
designed  for  functions  4 
other  than  carrying 
electronic  equipment, 
such  as  tanks). 

W-?  Water,  surface  and 
under  surf  ace. 

S— Special  types  (magnetic, 
etc.)  or  combination  of 
r  types. 

<*• 

T— Telephone  (wire). 

V— Visual  and  visible  lights. 

'W— Armament  (peculiar  to 
armament,  not  otherwise 
covered) ; 

X— Facsimile  or  television. 

T— Transmitting. 

W— Automatic  flight  or  remote 
control. 

X— Identification  and  recognition. 

Part 3— Component  indicators. 


Component 
indicator 

Family  name 

Definition  of  example  (not  to  be  construed  as  limiting  the 
,  application  of  the  component  indicator) 

AWL 

Amplifiers 

Power,  audio,  interphone,  radiofrequency,  video,  etc. 

AT 

Antenna 

Simple:  ship  or  telescopic,  loop,  dipole,  reflector,  also 
transducer,  etc.                 .  v 

BA 

Bajttery,  primary 
type 

Batteries,  battery  packs,  etc. 

BB 

Battery,  secondary 
type  1 

Storage  batteries,  battery  packs,  etc. 

0  C 

Controls 

Control  box,  remote  tuning  coi^rol,  etc. 

CP 

Computers  ' 

A  mechanical  and/or  electronic  mathematical  calculating 
device.                     •  j 

Electronic  apparatus  for  changing  phlse  or  frequency,  or 
from  one  medium  to  another. 

cv 

Converters 
(electronic) 

FR 

Frequency 
measuring 
devices 

Frequency  meters,  echo  boxes,  etc 

Generators 

Electrical  power  generators  without  prime  movers. 
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Part  2-Component  indicators -Continued 


Component 
indicator 

Family  name 

Definition  of  example  (not  to  be  construed  as  limiting  the 
application  of  the  comnonent  indicator) 

ID 

Indicating 
devices 

Calibrated  dials  and  meters,  indicating  lights,  etc.  (See  IP.) 

IP 

Indicators, 
cathode  ray 
tube 

Azimuth  elevation,  PPI  panoramic,  etc, 

*  M 

* 

Microphones 

Radiotelephone,  throat,,  hand,  etc. 

MD 

Modulators 

4 

Device  for  varying  amplitude,  frequency,  or  both. 

ME  ■ 

Meters, 
portable 

Multimeters,  vojt-ohm  milliammeters,  vacuum  tube  volt-^ 
meters,  power  meters,  etc. 

MK 
ML 

Miscellaneous  4 
kitst 

Meteorological 
device 

Maintenance,  modification,  etc.,  except  tool  and  crystal. 
Barometer,  hygrometer,  thertnometer,  scales,  etc. 

MT 

Mountings 

Mountings,  racks,  frames,  stands,  etc. 

PH 

» 

Photographic 
articles 

Camera,  projector,  sensitometer,  etc. 

PT 

Plotting  equipments 

Except  meteorological  boards,  maps,  clotting  table  ptr* 

R 

Receivers 

Receivers,  all  types  except  telephone. 

RD 

Recorders - 
reproducers 

Sound,'  graphic ,  tape.  wire.  film,  disk  facsimile,  magnetic 
mechanical,  etc. 

RF 

Radiofrequency 
component 

Composite  component  of  RF  circuits.  (Do  not  use  if  better- 
indicator  is  available.) 

RG 

Cables  and 
transmissions 
line,  bulk  RF 

RF  cable,  ^veguide,  etc.,  without  terminal. 

DA 

Recorders 

Sound,  graphic,  tape,  wire,  film,  disk  facsimile,  magnetic, 
mechanical,  etc. 

RR  m 

Reflectors 

Target  confusion,  etc  Except  antenna  reflectors.  (See  AT.)-. 

RT 

Receiver  and 
transmitter 

'  I 

Radio  and  radar  transceivers,  composite  transmitters  and 
receivers,  etc. 
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Part  2-Component  indicators-Continued 


Component 
indicator 


Family  name 


• .  .s 

Shelters 

SB 

Switchboards 

SG 

Signal 
generators 

SM 

Simulators 

3SN  ' 

SvnchroniKpr  q 

T  . 

Transmitters 

TA 

-  • 
Telephone 
apparatus 

TD 

Timing  device 

!T*F 

Transformers 

TS 

Test  equipment 

TT 

Teletypewriter 
and  facsimile 
apparatus 

Definition  of  example,*^  to  be  construed  as  limitine  the 
application  of  the  component  indicator)  8 

House,  tent,  protective  shelter,  etc. 

Telephone,  fire  control,  power  panel,  etc. 
Includes  test  oscillators  and  noise  generators.  ' 

Flight,  aircraft,  target,  signal,  etc. 
Equipment  to  coordinate  two  or  more  functions. 
Transmitters,  all  types  except  telephone. 
Miscellaneous  telephone  equipment. 

Mechanical  and  electronic  timing  devices,  range  devices,  etc. 
Transformers  when  used  as  separate  items. 
Test  and  measuring  equipment. 
Miscellaneous  tape,  teletype,  facsimile. 
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SURFACE  WEATHER  OBSERVATIONS 


.  Taking  surface  weather  observatipns  is  one  of 
the  primary  duties  of  the  Coast  Guard's  Marine 
Science  Technician.  Since  life,  property,  and  suc- 
cessful Coast  Guard  operations  depend  greatly  on 
reliable  forecasts,  it  'is  essential' that  the  ob- 
servations Apon  which  forecasts  are  based  be 
as  accurate  as  humanly  possible. 

*  V 

The  purpose  of  this  section  is  to  explain 
how  to  take  surface  weather  observations  and 
how  to  enter  these  data  on  the  Surface  Weather 
'  Observation  Form  (Ship),  Form  MF1-11.  For 
complete  and  detailed  instructions  of  the  various 
observations  and  codes,  consult  Jhe  appropriate 
manuals. 


GENERAL  TERMS,  DEFINITIONS, 
AND  PROCEDURES 

In  order  to  take  surface  weatherobeervationsr 
you  must  understand  the  meteorological  variables 
you  are  observing  and  how  to  observe  these 
variably  You  have  already  considered  many  of 


Definitions 

In  order  to  understand  how  to  obtain  tem- 
perature readings  and  to  determine  the  dew  point 
temperature  and  relative,,  humidity,  you  should5 
review,  the  following  terms  and  their  definitions: 

1.  Dew  point  —  The  dew  point  is  defined 
as  the  temperature  to  which  a  sample  of  air 
must  be  cooled,  while  the  mixing  ratio  and  the 
barometric  pressure  remain  constant,  in  order 
to '-attain  saturation  with  respect  to  water.  The 
dew  poinfe.can  never  exceed  the  dry-bulb  temper- 
ature in  any  given  "observation,  Whe*  the  air  is 
saturat/ed,  the  dew  point  and  the  temperature  are 
the  sameA*nd  the  relative  humidity  is  100  percent. 

2.  Dry-bulb  temperature  —  The  dry-bulb 
temperature  .is  the  natural  temperature  of  the 
ambient  atmosphere  at  the  point  afltf  time*  of 
observation  and  is  synonymous  with  the  surface 
temperature. 

3.  Wet-bulb  temperature  —  The  wet-bulb 


"    —  '  ™-*  —  w*  u.     iTci-wuu  temper ature  —  ine  wei-DUiD 

these  variables  in  this  course,  but  to  refresh^femperature  is  the  lowest  temperature  to  be 
you  membrv  of  them,  we  will  ritarii«*fKpirmo«»2:      a^.^A  <~      -~u:«„4.  ,*  -   A  , 


you  memory  of  them,  we  will  discuss  their  mean^ 
ings  and  their  significance  to  surfacf  weather 
observations.  In  addition,  we  will  consider  how 
to  take  these  observations.  The  observational 
procedures  are  applicable  at  svea  or  ashore, 
unless  we  state  otherwise. 

TEMPERATURE  OBSERVATIONS 

■■  Temperature,  the  measure  of  '  mdiecularffc 
-motion  or  the  degree  of  heat  of  a  substance, 
is  measured  ori  an  arbitrary  scale  from  absolute 
zero/  <where  the  molecules  theoretically  stop 
moving,  "Temperature,"  as~tts£d  in  surface 
weather  observations ,  refers  primarily  to  the  free  . 
air  temperature,  which  is  the  ambient  temperature 
close  to  the  surface  of  the  earth.  Other  temper- 
atures also  observed  during  the  course  of  an 
observation  are  maximum  and  minimum  free  air 
temperatures  (observed  for  shore  stations  only) 
and  sea  water  temperature. 


secured  in  the  ambient  atmosphere  in  its  natural  - 
state  by  evaporating  water  from  the  wick-covered 
bulb  of  a  thermometer  at  a  specified  rate  of 
'ventilation.  It  differs  from,  the  dry- bulb  tem- 
perature in  an  amount  dependent  on  the  temper- 
ature and  humidity  of  the  air.  This  difference  is 
termed  the  wet- bulb  "depression, 

4.  Psychrometer  —  A  psychrometer  is  an 
instrument  used  for  measuring  water  vapor 
^content  of  the  atmosphere;  it  is  a  type  of  hygro- 
meter. It  consists  of  two  thermometers,  one  Of 
which  (dry-bulb)  is  an  ordinary  glass  thermom- 
eter, while  the  other  (wet-bulb)  has  its  bulb 
covered  with  a  jacket  of  *clean  muslin  which  is 
saturated  with  distilled  water  prior  to  an  obser- 
vation. When  the'  bulbs  are  suitably  ventilated, 
they  indicate  the  thermodynamic  wet-bulb  and 
dry-bulb  temperatures  of.  the  atmosphere.  In 
this  pamphlet  the  sling  psychrometer  and  the  * 
hand  electric  psychrometer  are  covered. 
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Using  the  Sling  Psychrometer ' 

When  using  the  sling  psychromefer  as  the 
station  standard  or  standby  system,  observe  the 
following  jsteps  to  determine  psychrometric  val- 
ues: 

*  1.  Remove  the  sling^  psychrometer  from 
the  'Instrument  shelter.  Wet  the  bulb  of  the 
wet-bulb  thermometefr,  which  is  covered  with  a 
muslin  wick,  at  the  time  of  the  observation.  Do 
this  in  a  special  manner  when  certain  tempera- 
tures ,  and  humidity  conditions  exist  as  follows: 
*  *» 

a.  At  wet-bulb  temperatures  below 
32*  F.,  if  the  wick  is  not  frozen,  touch  it  with 
clean  ice,  snow,  or  another  cold  object  to  induce 
freezing. 

b.  At  dry-bulb  temperatures  of  37*  F. 
or  below,  use  water  that  has  been  kept  at  room 
temperature  in  order  to  melt  completely  any 
accumulation  of  ice  on  the  wet  bulb*  Moisten  the 
bulb  thoroughly  at  least  15  minutes  before  ventil- 
ating,the  psychrometer^and  longer  if  necessary 
to  permit  the  latent  heat,  released  ff  the  water 
freezes,  to  be  dissipated  before  you  ventilate 
the  psychrometer.  Do  not  allow  excess  water  to 
remain  on  the  wet-bulb,  since  a  thin,  thoroughly 
cooled  coating  is  necessary  for  accurate  /lata. 

V 

c.  In.  areas  where  the  temperature  is 
high  and  the  humidity  is  low,  use  precooledwater 
for  moistening  the  wet  bulb  to  avert  premature 
drying  of  the  wick.  Water  can  be  precooled  for  . 
this  purpose  by  storing  it  in  a  porous  Jug. 

2.  4  Take  the  psychrometer  to  a  clear  and* 
open  space,  preferably  exposed  to  the  wind.  Never 
touch  the  bulb  or  stem  in  handling  or  expose  it 
to  the  direct  rays  of  the  sun  while  maktng.an 
observation.  Whirl  the  psychrometer  as  far  in 
front  of  the  body  as  pdssible. 

3.  Ventilate  the  psychrometer  for  about 
10  seconds.  For  the  best  results,  whirling  should 
produce  air  flow  of  not  less  than  15  feet  per* 
second  (2  rotations  per  second).  Bring  the  psy- 
chrometer to  a  stop  without  any  sharp  jar  and 
then  bring  it  to  the  eye  level  and  read  both  ther- 
mometers to  the  nearest  tenth  of  a  degree, 
reading  the  wet-bulb  thermometer  first  Repeat 
the  whirling  and  make  other  readings  until  the 
w|t-bulb  temperature  fails  to  show  further  de- 
oline. 


4.  After  observing  the  wet-  and  dry-bulb 
temperatures,  calculate  the  difference  between  the 
dry-bulb  and  the  wet-bulb  temperature  readings. 
After  you  obtain  the  difference,  or  wet-bulb  de- 
pression, "the  next  step  is  to  compute  the  dew 
point  and  the  relative  humidity  by  use  of  the 
psychrometric  computer  (CP-165/UM).  The  in- 
structions^ for  use  of  the  computer  are  printed 
on  the  computer.  When  using  the  psychrometric 
computer,  utilize  the  scale  closest  tothe  NORMAL 
station  pressure.  Foi;  shipboard  operations »  al- 
ways use  the  30- inch  scale.  For  further  instruc- 
tions, see  the  appropriate  chapter  of  the  Federal 
Meteorological  Handbook  No.  1  (FMH  #1). 

Using  the  Hand 

Electric  Psychrometer  (ML-450A/UM) 

Another  instrument  used  to  obtain  the  free 
air  temperature  and  the  wet-bulb 'temperature  Is 
.  the'  hand  electric  psychrometer  (ML-450A/UM) 
..(figure  1).  Although  the  psychrometer -is  Con- 
structed primarily  of  noncorrodible  materials, 
prolonged  exposure  to  weather,  salt  air,  stack 
gases,  and  other  corrosive  elements  shorten  the 
useful  life  of  this  instrument.  Therefore,  shelter 
the  instrument  when  At  is  not  iff  actual  use. 


Sliding  door. 
Spring  contact. 
Battery  com- 
partment. 
Water  bottle. 
Bottle  com- 
partment, 
Hinge  ptou  
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9. 
10. 
11. 


Thermometer 
holder. 

Wet-bulb  wick. 
Knob. 

Exhauat  ports. 
Sliding  air 
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Figure  1.—  Hand  Electric  Psychrometer 
ML-450A/UM.  - 
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In  order  to  operate  the  psychrometer  when 
the  temperature  is  above  £0*  F.,  expoee  the  psy- 
chrometer to  the  free  air  for  at  least  5  mintues 
before  using  it  for'  readings.  Open  the  sliding 
door  halfway ,  remove  the  water  bottle,  and  then 
close  the  sliding  door.  Saturate  the  wet-bulb 
wick  with  distilled  water  by  using  one  of  the 
following  methods;  

1.  Remove  the  sliding  air  intake  and  thor- 
oughly saturate  the  wet-bulb  wick,  taking  every 
precaution  to  prevent  water  from  contacting  either 
the  thermometer  tube  or  the  dry  bulb.  Remove 
any  moisture  which  may  have  contacted  the  dry 

^  buttr-  — 

2.  Without  removing  the  sliding  air  intake, 
hold  the  psychrometer  so  that  the  thermometer 
bulbs  point*  upward.  Carefully  apply  water,  a 

%  drop  at  a  time,  to  the  wet-bulb  wick  so  as  not 
to  cause  the  thermometer  tube  to  become  wet 
from  an  overly  saturated  wick.  Remove  any 
moisture  which  may  have  contacted  the  dry  bulb. 

If  you  have  followed  method  1,  replace  the 
air  intake,  being  sure  that  the  small  circular 
holes  in  the  air  intake  are  positioned  against 
the  thermometer  holder.  Replace  the  water 
bottle. 

Either  of  the  following  positions  may  be 
used  during  operation: 

1.  ^lace  the  instrument  on  a  flat  surface 
with  the  graduations  of  the  thermometer  facing 
upward  and  the  air  Intake  positioned  into  the  wind 
and  to  the  left  of  the  operator,  or 

2.  Grasp  the  instrument  in  the  left  hand  with 
the  fingers  fitting  the  curved  portion  of  the  case, 
the*  graduations  of  the*  thermometers  facing  the 
operator,  and  the  air  intake  pointing  to  the  left 
and  into  the  wind. 

CAUTION 

In  either  position,  tye  air  intake  and 
both  exhaust  ports  must  be  entirely  free 
of  obstructions  and  far  enough  away  from 
your  body  or  any  other  source. of  moist 
air  or  temperature  that  may  cause  a 
false  reading. 

Turn  the  switch  knob  clockwise  to  start 
aspiration.  If  illumination  is  desired,  continue 
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turning  the  knob  clockwise  until  you  obtain  suf- 
ficient light  intensity. 

When  the  wet-bulb  temperature  stabilizes  at 
a  minimum  value,  note  the  readings  of  both 
thermometers  and  turn  off  the  switch  by  turning 
the  knob  counterclockwise.  Evaluate  the  readings, 
using  the  psychrometric  computer. 


In  order  to  operate  the  psychrometer  when 
the  temperature  is  below  5(T  F.,  observe  the 
following  precautionary  measures  to  ensure  ac- 
curate Instrument  performance: 

1.  Store  the  instrument  in  its  case  in  an 
'instrument  shelter  or  other  suitable  location 
to  keep  it  approximately  at  the  ambient  temper- 
ature. To  prevent  the  distilled  water  from  being 

'  frozen  when  you  are  ready  to  use  it,  store  it 
indoors  and  then  carry  it  out  of  doors  to  the 
instrument  when  ready  to  saturate  the  wick. 

2.  If  brought  from  a  warm  room  to  an  out- 
side temperature  below  SO'F.,  take  special  care 
to  point  the  instrument  into  the  wind  and  to 
ensure  that  an  equilibrium  temperature  is  reached, 
letting  the  fan  run  for  5  to  10  minutes.. 

3.  If  you  bring  the  psychrometer  from  a 
cold  temperature  to  a  warm  temperature  for  a 
reading,  ensure  that  condensation  on  the  dry 
bulb  does  not  give  an  erroneous  reading  due  to 
the  wet-bulb  effect. 

The  remaining  steps  in  the  operation  of  the 
hand  electric .  psychrometer  are  identical  with 
those  already  mentioned  for  operation  of  the  hand 
electric  psychrometer  at  temperatures  above 
50*  ?. 

WIND  OBSERVATIONS 

Wind  is  air  in  motion.  As  such,  wind  has 
four  important  properties  of  vital  interest  to 
you  when  .you  make  wind  observations.  These 
qualities  are  direction,  speed,  character,  and 
shift  Definitions  of  these  qualities  and  instructions^ 
for  determining  these  qualities  are  contained  in 
the  following  paragraphs. 

Wind  direction'  is  the  direction  from  which 
the  wind  is  blowing.  Wind  direction,  is  observed 
for  a  one-minute  interval'  with  reference  to 
true  north  and  is  expressed  in  10*  increments 
in  a  clocicwise  direction  from  true  north.  When  the 
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Table       Determination  of  true  wind  speed  by  sea  condition. 


Speed  (knots)        Descriptive  terms 


Ltaa  than  1 
1-3 
4*6 


7-10 
11-16 
17-21 
22-27 
2&-33 

34-40 

41-47 

48-55 

56-63 
tf-71 


Calm 
Light  air 
Lifht  breeze 


Gentle  breeze* 
Moderate  breeze 
Fresh  breeze 
Strong  breeze 
Near  gale 

Gale 

Strong  gale 
Storm 


Violent  storm 


Hurricane 


Sea  conditions 


Sea  smooth  and  mirrorlike. 

Scalelike  ripples  without  foam  crests. 

Small,  short  wavelets;  crests  have  a  glassy  appearance 

_aixl-danot-break^-  -          -  -.-  .  ■  - 

Large  wavelets;  some  crests  begin  to  break;  foam  of 

glassy  appearance.  Occasional  white- foam  crests. 
Small  waves,  becoming  longer;  fairly  frequent  white 

foam  crests. 

Moderate  wares,  taking  a  more  pronounced  long  form; 
man/  white  foam  crests;  there  may  be  some  spray. 

Large  waves  begin  to  form;  white  foam  crests  are  more 
extensive  everywhere;  there  may  be  some  spray. 

Sea  heaps  up  ahd  white  foam  from  breaking  waves  begin 
to  be  blown  in  streaks  along  the  direction  of  the  wind; 
spindrift  begins. 

Moderately  high  waves  of  greater  length;  edges  of  crests 

'break  into  spindrift;  foam  Is  bltwn  in  well-marked 
streaks  along  the  direction  of  the  wind. 

Hijfh  waves;  dense  streaks  of  foam  a  long  the  direction  of 

*  the  wind;  sea  begins  to  roll;  spray  may  reduce  visi- 
bility. 

Very  high  waves  with  long  overhanging  crests.  The  re- 
sulting foam  in  great  patches  is  blown  in  dense  white 
streaks  along  the  direction  of  the  wind.  On  the  whole; 
the,,  surface  of  the  sea  is  white  in  appearance.  The 
rolling  of  the  sea  becomes  heavy  and  shocklike.  Visi- 
bility is  reduced. 

Exceptionally  high  waves  that  may  obscure  small-  and 
medium-sized  ships.  The  sea  Is  completely  covered 
with  long  white  patches  of  foam  lying  along  the  direc- 
tion of  the  wind/  Everywhere  the  edges  of  the  wave 
crests  are  blown  into  froth.  Visibility  reduced. 

The' air  is  filled  with  foam  and  spray.  Sea  completely 
white  with  driving  spray;  visibility  very  much  reduced. 


air  is  not  in  motion,  the  wind  is  said  to  be  CALM. 
When  instruments  for  measuring  wind  direction 
are  not  available  or  are  inoperative,  estimate 
the  direction  by  observing  a  wind  cone  or  tee, 
movement  of  trees,  or  smoke,  or  by  facing  into 
the  wind  in  an  unsheltered  area. 

Wind  speed  is  the  rate  of  motion  of  the  air 
in  a  unit  of  time.  Wind  speed  is  determined  to 
the  nearest  knot  In  general,  observed  wind 
speeds  are  a  one-minute  average.  So  'far  as 

.  possible,  an  average  wind  speed  observation  should 
not  be  made  during  a  peak  or  lull  in  gusty  winds 
or  squalls.  .When  wind  speed  instruments  are 
temporarily  unrepresentative  or  not  available, 
estimate  speed  (including  gustiness  and  squall 

idata)  by  means  of  table  1* 

The  character  of  .the  wind  refers  to  its 
gustiness  and  the  like.  A  gust  Is  a  rapid 


fluctuation  in  wind  speed  with  a  variation  of  10 
knots  or  more  between  peaks  and  lulls.  A  squall, 
however,  is  a  sudden  increase  in  wind  speed 
of  at  least  15  knots  which  is  sustained  ac  20 
knots  or  more  for  at  least  1  minute. 

A  wind  shift  is  a  change  in  wind  direction 
of  45  degrees  or  more  which  takes*  place  in 
less  than  15  minutes.  "Wind  shift,"  as  used  in 
this  course,  is  associated- with  some  or  all  of 
the  phenomena  characteristics  of  a  cold-front 
passage.  The  phenomena  are  as  follows: 

1.  Gusty  winds  shifting  in  a  clockwise  man- 
ner in  the  Northern  Hemisphere  and  counter- 
clockwise in  the  Southern  Hemisphere. 

2.  Rapid  drop  in  dew  point. 

3/  Rapid  drop  in  temperature.  " 
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4*    Rapid  rise  in  pressure. 

5.  In  slimmer:  lightning,  thunder,  heavy 
rain,  tad  possibly  hail. 

6.  In  winter:  frequent  rain  or  snow  squalls 
with  cloud  heights  changing  rapidly. 

 'JJbimg!ea„of^  -result- 

from  other  causes,  such  as  katabatic  or  foehn 
winds,  sea  bree res,  and  thunderstorms.  In  such 
cases,  the  change  of  direction  may  be  gradual 
or  abrupt  and  may  or  may  not  be  accompanied 
by  significant  changes  of  other  weather  elements. 
Report  a  wind  shift  when  you  believe  it  is  as- 
sociated with  a  frontal  movement,  regardless  of 
the  magnitude  of  the  shift,  and  when  a  change 
of  wind  speed  and  direction  is  so  abrupt  as  to 
be  considered  important  to.  aircraft  operations. 

PRESSURE  OBSERVATIONS 

Definitions 

Several  important  terms  related  to  pressure 
observations  are  defined  as  follows: 

1.  Atmospheric  pressure  —  Atmospheric 
pressure  is  the  pressure  exerted  by  the  atmos- 
phere as  a  result  of  the  gravitational  attraction 
exerted  upon  the  column  of  air  lying  directly 
above  the  point  in  question, 

2.  Station  pressure  —  Station  pressure  is 
the  pressure  computed  for  the  level- of  the  station 
.elevation,  , 

3.  Sea  level  pressure  —  S£a  level  pressure  , 
is  the  station  pressure  reduced  to  sea  level  in 
accordance  with  established  procedures.  Sea 
level  pressures  are  computed  so  that  all  stations 
give  a  value  of  pressure  with  reference  to  a 
STANDARD  legel. 

4.  Altimeter  setting  —  The  altimeter  set- 
ting is  a  pressure,  launches,  used  to  set  the 
altimeter  in  the  cockpit  of  an  aircraft  so  that 
the  altimeter  indicates  station  elevation  in  feet 
above  mean  sea  level  when  the  aircraft  is  sitting 
on  the  runway.  The  altimeter  in  an  aircraft  is 
essentially  a  small  aneroid  barometer  calibrated 
in  feet  instead  of  inches  or  millibars. 

5.  Barometric  pressure  tendency  —  The 
barometric  pressure  tendency  consists  of  two 


elements.  The  first  is  the  net  barometric  change 
within  a  specified  time.  The  second  is  the  char- 
acteristic of  the  change  during  the  specified  time, 
based  on  the  appearance  of  the  barogram  and  on 
the  direction  of  the  change,  if  any  (e.  g. ,  higher, 
lower,  or  no  change). 

Determining  Pressures 

Weather  observations  require  observations  of 
the  station  pressure,  sea  level  pressure,  and  the 
altimeter  setting,  also  required  at  certain  stand- 
ard times  are  the  pressure  tendency  and  the 
net  three- hour  change. 

When  properly  calibrated  an£  compared,  the 
precision  aneroid  barometer  at  both  shore  stations 
and  aboard  ship  is  used  for  airways  and  synoptic  . 
observations.  The  micro  barograph  will  be  used 
only  for  "tendency."  The  mercurial  barometer 
is  used  mainly  for  comparison  of  the  readings 
from  the  aneroid'  barometer.  Slip  stationsvcom- 
pare  their  aneroid  barometers  with  a  mercurial 
barometer  before  getting  underway. 

Sea  level  pressure  is  obtained  by  several 
methods,  depending  on  the  elevation  of  the  station. 
Aboard  ship  obtain  sea  level  pressure  by  ADDING 
a  constant  pressure  reduction  factor  to  the  station 
pressure.  Obtain  this  constant  by  multiplying 
the  height  (in  feet)  of  the  precision  aneroid 
barometer  above  the  loadline  by  either  0.001 
inch  or  0.037  mb.,  depending  on  the  markings 
on  the  barometer. 

The  barometric  pressure  tendency  com- 
prises the  net  change  Within  a  specified  time  and 
tbe.characteristic  of  the  change  during  that  time* 
Pressure  tendencies  are  determined  only  at  sta- 
tions equipped  with  a,microbarograph.  The  pres- 
sure tendency  is  determined  for  the  full  three- 
hour  period  ending  at  the  actual  time  of  the  ob- 
servation. Classify  the  characteristic  of  the 
barograph  trace  for  the  three-hour  period,  using 
the  cdde  figure  prescribed  in  FMH  #1,  corres- 
ponding to  the  same  general  pattern.  When  the  * 
tendency  of  the  observed  trace  is  incompatible 
with  the  sign  of  the  net  change,  select  the  tendency 
that  is  most  nearly  representative  and  still 
compatible  with  tljis  sign. 

PRECIPITATION  OBSERVATIONS 

Precipitation  is  measured  on  the  basis  of 
the  vertical  depth  of  water,  or  water  equivalent, 
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which  would  accumulate  within  a  specified  time 
on  a  level  surface.  The  inch  is  the  unit  of  meas- 
urement for  precipitation.  The  vertical  depth 
of  water*  or  water  equivalent,  is  expressed  to 
the  nearest  0.01  inch;  less  than  0.005  inch  is 
called  a  trace.  'Precipitation  measurements  are 
made-  from  samples  caught  in  gages ,  or  from 
samples  .taken  from  representative  areas  when  the 
catc%of  solid  forms  in  the  gage  is  not  represen- 
e. 

Most  weather  units  use  the  4- inch  rain  gage. 
The  tube  of  the  4-ihch  rain  gage  holds  1  inch  of 
'  water.  In  the  event  that  more  than  1  inch  falls, 
'the  excess  drains  into  the  overfldw  container. 

The  depth  measurement  of  the  water  equiv- 
alent of  the  solid  forms  of  precipitation,  such  as 
snow,  sleet,  hail,  and  freezing  rain,  is  more 
difficult  to  obtain.  Yott  can  use  the  rain  gage 
if  you  remove  the  collector  ring  and  measuring 
tube.  Collect  the  solid  forms  in  the  overflow 
container.  At  the  time  of  the  observation,  add 
a  measured  amount  of  warm  water  to  the  contents 
of  the  container  to  melt  the  solid  forms.  Once 
melted,  mak§  the  measurement  as  for  rainfall* 
You  must,  of  course,  deduct  the  added  amount 
of  water  in  computing  the  total  water  equivalent. 

In  measuring  snow,  another  method  is  to  ob- 
tain a  definite  volume  of  the  snow  from  a 
representative  area  by  removing  the*  overflow 
container' and  using  it  like  a  doughnut  cutter  to 
remove  a  snow  section.  Melt  and  measure  the. 
snow  as  described  above.  When  the  water  equiv- 
alent of  snow  cannot  be  accurately  measured  by 
melting,  you  may  use  one-tenth  of  the  average 
snow  depth  as  the  water  equivalent;  that  is, 
•  10  inches  of  snow  correspond  to  1  inch  of  melted 
'snow. 

OBSERVATIONS  OF 

CEILING  AND  SKY  CONDITIONS 

Of  jdl  the  weather  conditions  adversely  af- 
fecting aircraft  operations,  low  ceilings  and 
low  visibilities  are  by  far  the  most  common. 
They  are  the  cause  of  most  of  the  flight  delays 
-  and  cancellations  due  to  weather.  This  subsection 
describes  the  methods  for  observing  ceilings  and 
sky  conditions. 

Definitions 

Ceiling  and  sky  condition^definitions  are  as  ♦ 
follows: 


1.  Layer  —  Clouds  or  obscuring  phenomena 
whose  bases  are  at  approximately  the  same 
level  are  regarded  as  a  layer.  The  layer  may 
be  continuous,  or/  it  may  be  composed  of  de- 
tached elements.  The  term  "layer"  does  not 
imply  that  a  clear  space  exists  vertically  between 
layers  or  that  clouds  or  obscuring  phenomena 
composing  them  are  of  the  same  type.  The  ottfy 
requirement  of  composition  iff  that  all  the  ele- 
ments of  the  layer  are  based  at  approximately 
the  same  leveL 

2.  Obscuration  —  The  term  "obscuration" 
is  used  to  denote  that  an  observer  at  the  surface 
is  unable  to  evaluate  the  sky  condition  aloft  in 
the  usual  manner  because  surface-based  obscur- 
ing phenomena  (fog,  smoke,  etc.)  hide  more 
that  9/10  of  the  sky,  as  determined  to  the  near- 
est tenth,  (See  figure  2-AJ 

3.  Partial  obscuration  —  Term  1  partial  ob- 
scuration" is  used  to  denote  that  1/10  or  more  of 
the  sky  (to  nearest  tenth),  but  not  all  of  the  sky,  is 
hidden  by  surface-based  obscuring  phenomena. 
Normally  the  phenomena  is  uniformly  distri- 
buted, (See  figure  2-  B.) 

4.  Transparency  and  opacity  —  As  used  in 
this  training  course,  i 'transparency* '  and  "opac- 
ity," as  related  to  Qlpud  layers  or  obscurifcg phen- 
omena, are  definedfas  follows: 

a.  Triefisparent  sky  cover  —  A  trans- 
parent sky  cqver  is  made  up  of  those  portions 
of  cloud  layers,  or  .  obscurations  which*  do  not 
hide  the  sky.  A  blue  sky  or  higher  clouds  can 
be  discerned  through  these  portions  during  day- 
light, and  the  moon'  and  brighter  stars  may  be 
discerned  at  night. 

b.  Opaque  Sky  cover—  Ah  opaque  sky 
cover  is  made  up  of  those  portions  of  cloud 
layers  or  obscurations  whichjiide  the  sky  and/or 
higher  clouds.  A  translucent  sky  cover  which  hides 
the  sky  but  through  tfhich  the  sun  and  moon 
(not  stars)  may  be  dimly  visible  will  be  consider- 
ed as  opaque.  " 

%  "Thin  sky  cover  —  This  term  is  applied 
Xo  a  layer  when  the  ratio  (of  summation  amounts 
at  and  below  the  level  of  the  layer)  of  trans- 
parent sky  cover  to  total  sky  cover  is  1/2  or 
more. 

6.  Surface  —  For  height  determinations, 
the  term  "surface"  means  the  horizontal  plane 
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•  "  .  -  B 
Figure  2.-  (A)  Sky  completely  hidden  by  fog; 
(B)  sky  partially  obscured  by  fog. 
# 

whose  elevation  above  sea  level  equals  field 
elevation.  At  a  station  where  the  field  elevation 
has  not  been  established,  the  term  "surface1' 
refers  to  ground  elevation  at  the  point  of  ob- 
servation, 

7.  Ceiling  —  The  ceiling  is  the  height 
ascribed  to  the  lowest  layer  of  clouds  or  obscuring 
phenomena  alcfft  that  is  reported  as  "broken"  or 
"overcast"  and  not  classified  as  "thin,"  or  it  is 
_  surface-based  obscuring  phenomena  (obscura- 
tion) not  classified  as  ' 'partial." 

For  an  obscuration,  a  ceiling  value  rep- 
resents vertical  visibility  into  obafcuring  phe- 
nomena rather  than  the  height  of  the  base. 

The  ceiling  is  termed  "unlimited"  when 
the  foregoing  conditions  are  not  satisfied. 


8.  Vertical  visibility  -  Vertical  visibility  is 
a  ceiling  value  used  to  express  the  distance  that 
an  observer  at  the  ground  in  an  obscuring  me- 
dium can  see  vertically  upward  into  the  medium, 
or  the  maximunrvefBfcal  height  above  the  ground 
at  which  a  pilot  in  surfaced-based  obscuring 
medium  can  recognize  the  ground 

~  9.  Variable  ceiling  -  "Variable  ceiling" 
describes  a  condition  in  which  the  ceiling  rapidly 
increases  and  decreases  by  one  or  more  report- 
able values  while  the  ceiling  observation  is  being 
taken.  It  is  reported  only  for  ceilings  less  than 
3,000  "feet  The  average  of  all  observed  valves 
is  used  as  the  ceiling. 

Evaluation  of  Sky  Cover 

You  .should  take  several  factors  into  con- 
sideration when  evaluating  sky  cover  (clouds  and 
obscuring  phenomena):  determination  of  the  sky 
cover's  stratification,  amount  of  sky  cover,  dir- 
ection of  movement  of  the  clouds,  height  of  the 
bases  of  the  clouds,  and  the  effect  of  obscuring 
phenomena  on  the  vertical  visibility.  Observe 
these  elements  from  as  many  points  as  necessary 
to  view  the  entire  sky. 

-  Determination  of  Stratification*-  You  should 
first  determine  how  many  layers  of  clouds  or 
obscuring  phenomena  are  present  at  the  time  of 
the  obeervatipn. 

Frequent  observation  is  necessary  to  eval-  • 
uate  stratification.  A  series  of  observations  often 
show  the  existence  of  upper  layers  above  a  lower 
layer.  Through  thfn  lower  layers  it  may  be  pos- 
sible to  observe  higher  layers.  Differences  in 
the  directions  of  cloud  movements  are  often  a 
valuable  aid  in  observing  and  differentiating  cloud 
stratification,  particularly  when, haze,  smoke, 
etc. ,  render  depth  perception  difficult. 

Cumulo  type1  clouds  developing  below  other 
clouds  may  reach  or  penetrate  them.  Also,  by 
horizontal  extension,  swelling  cumulus  or  cumu-  ] 
ionimbus  may  form  stratocumulus,  altocumulus, 
or  dense  cirrus.  When  clouds  formed  in  this 
manner  are  attached  to  a  parent  cloud,  they  are 
regarded  .as  a  .separate  layer  only  if  their  bases 
appear  horizontal  and  at  a  different  level  from 
the  parent  cloud.  Otherwise,  the  entire  cloud 
system  is  regarded  as  a  single  layer  at  a  height 
corresponding  to  that  of  the  base  of  the  cumu- 
lonimbus. 
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Sky  Cover 
are  evaluated  in, 
tile  local  ( 
horizon 

in  eights  (oktas) 


its.—  Sky  coyer  antounts 
>rms  of  the  entire  sky  above 
snt),  rather  than  the  celestial  , 
for  aviation  observations  and 
for  synoptic  observations;  in 


irtos  of  the  amount  of  sky  covered,  or  hidden, 
'depending  on  the  aspect  of  sky  cover  being  de- 
termined; and  with  reference  to  an  observer  on 
the  earth's  surface. 


Evaluations  are  made  of  the  following: 

1.  Amount  of  sky  hidden  by  surf  ace*  based 
atmospheric  obscuring  phenomena,  such  as  fog, 
smoke,  haze,  precipitation,  etc. 

2.  The  amount*  of  sky  covered  by  cloud 
and/or  obscuring  phenomena  in  each  layer  aloft/ 
i.e.,  an  integrated  evaluation  based  on  several 
recent  and  successive  evaluations,  if  necessary 
and  possible,  where  a  significant  portion  of  the 
layer  is  hidden  at  the  time  of  observation  by 
lower  layers.  \  .  - 

3.  Layers  reportable  as  being  thin. 

4.  Amount  of  sky  hidden^V  surface-based 
atmospheric  phenomena,  and  for  level  of  each 
layer  aloft,  the  amount  of  sky  hidden  by  surface- 
based  sky  cover,  if  any,  and  additionally  covered 
by  sky  cover  aloft  at  and  below  each  level  aldft 

There  are  various  methods  of  estimating  the 
amount  of  s)ey  cover.  The  procedure  is  simpli- 
fed  if  th^  sky  cover  consists  of  an  advancing 
or  receding  layer,  or  a  continuous  layer  sur- 
rounding the  station. 

/  To  estimate  the  amount  of  an  advancing  (or 
receding)  layer,  determine  the  angular  elevation 
above  the  horizon  of  the  forward  or  rear  edge 
of  the  layer  as  seen  against  the  sky.  Use  a  the- 
odolite or  clinometer  until  you  have  gained  ex- 
perience in  estimating  vertical  angles.  Convert 
the  angle  to  tenths  of  sky  cover.  (See  table  2.) 

When  the  layer  does  not  extend  to  the^ 
'  horizon,  determine  the  angular  elevation  of  theT 
forward  and  rear  edges  and  the  tenths  of  sky 
cover  corresponding  to  each  elevation.  '  The 
difference  equals  the  sky  cover.  For  exam- 
ple: forward  edge  78°  »  0.4  sky  cover;  rear 
edge  S3*  *  0.2  sky  cover.  Total  sky  cover 
is  the  difference  between  the  two,  or  0.2  sky 
cover. 
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Tablfe  2.-  Sky  cover  with  advancing  or  receding 
 layers.  


Angles  subtended  by 
sky  cover 


Less  than  26* 

26lt0-45°^ 
46*  to  S9# 
60*  to  72*. 
73#  to  84* 
*  88° 'to*  95° 
96°  to  107°  * 
108°  to  119°  - 
120°,to  134° 
135°  to  15*° 
155°  to  180° 


Tenths  of 
sky  cover 


0.0 
0.1 
0.2 
0.3 
0.4 
0.5 

°%6 

0f7 

0.8 
0.9 
1.0 


Table  3.—  Sky  cove*  with  layer  surrounding 
station. 


Angular  elevation 

Tenths  of 
sky  cover 

Less  than  3* 

0.0 

3°  to  8° 

0.1 

9°  to  14° 

0.2 

15°  to  20° 
21°  to  28* 

0.3 

0.4 

27°  to  33° 

0.5  ' 

34°  to  40° 

0.6 

41°  to  48* 

0.7 

49°  to  58° 

0.8 

59°  to  71° 
72°  to  90* 

0.9 

1.0 

When  a  continuous  layer  surrounds  the  sta- 
tion and  extends  to  the  horizon,  determine  the 
angular  elevation  of  the  edge,  and  convert  to 
tenths  of  sky  cover.  (See  table  3.)  Since  such 
a  distribution  is  improvablet  the  table  serves 
only  as  a  guide  in  estimating  amounts  in  sit* 
uations  that  approach  such  a  configuration  in 
degree. 

After  you  have  determined  the  amount  of 
sky  cover  and  have 'assigned  a  value  to  the 
various  layers  present,  classify  each  layer  in 
accordance  with  table  8. 

NOTE:  Although  we  mention  table  8  at  this 
point,  the  table  does  not  appear  until 
the  latter  part  of  this  section.  Tables 
6  through  14  do  not  appear  on  the 
pages  where  we  first  mention  them. 
Instead*  these  tables  appear  as  a 
-V  group  immediately  following  the  dis- 
cussion of  the  airways  column  entries 
of  .Form  MFl-ll,  because  these^- 
tables  are  used  to  d&erniine  column 
entries  of  Form  MF1-11. 
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Determining  Cloud  Heights.—  There  are 
many  methods  that  may  be  used  to  determine 
the  heights  of  cloud  bases.  These  include  the 
use  of  ballons;  radar  height  data;  known  height 
f  references,  such  as  buildings,  mountains,  and 

other  landmarks;  convective  cloud  freight  dia- 
gram; pilot  reports;  and  ceiling  lights  and 
cellometers.  (Refer  to  FMH  #1  for  guidance  in 
selecting  the 'most  reliable  method)  In  the 
unavailability  of  the  above  methods,  estimate 
Ahe  heights,  relying  or*  your  experience .  and 
knowledge  of  cloud  forms,  and  on  a  compari- 
son with  previous  observations. 

Regardltss  of  what  method  you  use,  (Jeter- 
mine  the  layers  and  report  in  terms  of  feet 
above  the  surface  of  the  station  and  round  them 
to  the  reportable  values  in  accordance  with 
table  7. 

v  NOTE:   Code  heights  that  are  halfway  ber 

tween  reportable  values  aslhe  smal- 
ler of  the  two  values. 

When  using  a  ceiling  balloon,  choose  the  ap- 
propriate color  of  ballon;  red  balloons  are 
usually  preferable  with  thin  clouds,  and  blue 
or  black  for  other  conditions.  Note  the  length 
of  time  that  elapses  between  the  release  of  the 
balloon  and  entry  into  the  base  of  the  layer. 
The  point  of  entry  is.  considered  as  midway  be^ 
tween  the  time  the  "balloon  first  begins  to  fade 
p  and  the  time  of  complete  disappearance.  Balloon 

ascension  tables,  maintained  by  most  weather 
units  or  found  in  FMH  #1,  are  entered  with  this 
elapsed  time  yalue  to  determine  the  cloud  base 
height. 

,  Compute  heights  derived  from  rawin  or  raob 
balloons  rather  than  determine  them  from  as- 
censional rate  tables.  Visually  observe  the  entry 
of  the  balloon  into  the  cloud  base  and  make 
a  notation  on  the  recorder  record  of  the  rawin 
'  or  radiosonde  recorder. 

«  - 

Heights  ascribed  to  sky  cover  layers,  includ- 
ing vertical  visibility,  may  be  based  on  landmarks, 
including  mountains,  trees,  buildings,  etc. .where 
the  heights  of  the  objects  above  the  surrounding 
terrain  and  observation  point  are  known.  Normally, 
each  weather  unit  maintains  a  chart  j(or  a  list) 
showing  objects*  suitable  for  reference  heights. 

Heights  of  cloud  layers  may  also  be  based 
.  on  RHI  (range  height  indicators)  radarscope 


data.  The  radar  operator  normally  supplies  this 
information. 

Use  the  Convective  Cloud  Height  Diagram, 
which  is  found  in  FMH  #1,  to  determine  the 
height  of  convective-type  clouds.  It  is  not  suitable 
for  stations  situated  in  mountainous  or  hilly 
terrain.  Use  the  observed  dew-point  and  dry- bulb 
.  temperatures  'as  coordinates  when  entering  the 
diagram,  and  read  the  base  height  of  convective 
type  clouds  adjacent  to  the  intersection  of  these 
two  elements, 

OBSERVATIONS  OF  VISIBILITY 

"Ceiling"  and  "visibility"  are  two  fundamen- 
tal terms  in  aviation  terminology  and  are  probably 
used  more  than  any  others  in  describing  flying 
weather.  Seldom  does  a  pilot  check  on  the  flying 
weather^ without  paying  particular  attention  to  the 
'  visibility  conditions,  since  visibility,  together 
with  ceiling,  holds  the  answer  to  many  flight 
problems,  "Visibility"  is  a  term  that  denotes  the 
greatest  horizontal  distance  at  which  selected 
objects  can  be  seen  and  identified  underspecified 
conditions. 

There  are  three  categories  of  visibility: 
prevailing,  sector,  and  runway  visibility.  This 
pamphlet  will  discuss  in  detail  only  prevailing 
visibility;  consult  FMH  #1  for  details  about  run- 
way and  sector  visibility. 

Guidance  in 
Determining  Visibility 

Transparency  of  the  atmosphere  in  the  open 
country  (except  in  polar  regions),  removed  from 
sources  of  atmospheric  pollutants  and  at  relative 
humidities  less  1§an  90%,  changes  very  little  from 
daylight  to  darkness  and  vice  versa.  Visibility  be- 
tween day  and  night  under  these  conditions  may 
change  significantly  due  to  the  difference  in  bright- 
ness contrast  between  lights  at  night  on  the  one 
hand  and  the  brightness  contrast  between  an  object 
and  the  horizon  sky  in  the  daytime  on  the  other 
hand.  In  areas  subject  to  pollution  (as  smoke  from 
domestic  heating  or  cooking,  and  industrial  ex- 
hausts) there  may  be  systematic  variations  in 
transparency  of  the  atmosphere  during  the  transit- 
ion periods  between  sunris  e  and  sunset,  which  fur- 
ther complicate  visibility  patterns,  Insuch  areas  a 
decrease  in  visibility  often  occurs  near  dawn,  par- 
ticularly when  asteep  temperature  inversion  exists 
in  the  layer  of  atmosphere  „near  the  surface. 
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.  fefore  taking  a  visibility  observation  at  night, 
spenoas  much  time  as  necessary  to  permit  your 
eyes  to  adapt  to  the  darkness. 

When  you  are  ashore,  take  visibility  obser- 
vations from  as  many  points,  as  necessary  to  view 
all  appropriate  markers.  Take  the  observation 
With  reference  to  a  plane  6  feet  above  the  ground 
or,  if  the  station  facilities  preclude  an  observation 
at  this  level,  as  close  as  practicable  to  It.  When 
the  visibility  Is  greater  the*  the  distance  to  the 
farthest  visible  marker,  note  the.sharpness  with 
which  the-marker  stands  out  .Sharp  outlines  In 
relief,  with  little  or  no  blurring  of  color,  Indicate 
that  the  visibility  is  much  greater  than  thedlstance 
to  the  reference  object  On  the  other  hand,  blurred 
or^lndistinct  (yet  Identifiable)  objects  indicate  the 
presence  of  some  obscurant  that  has  reduced  the 
visibility  tc  not  less  than  the  distance  of  the 
objects. 

When  abdard  ship,  determine  visibility  from 
as  many  points  as  possible,  using  the  horizon, 
ships  In  company,  radar,  and  stadixneter  ranges. 
Base  your  estimates  upon  the  apparent  size  of 
the  ship  (or  other  object)  and  the  portion  visible. 
Use  table  4  as  a  guide  in  determining  distances 
(e.  g.,  in  accordance  with  line  7  of  table  4,  when 
you  view  the  horizon  from  a  bridge  40  feet 
above  the  sea*  the  horizon  is  7.6  nautical  miles 
away). 

Prevailing  Visibility 

Prevailing,  visibility  is  the  greatest  visibility 
which  is  attained  or  surpassed  throughout  at 


least  half  of  the  horizon  circle  not  necessarily 
continuous.  This  term  is^synonymctas  with  the 
term  * 'horizontal  visibility"  as  used  in  the 
synoptic  code.  If  the  visibility  Is  variable  (I.e., 
the  prevailing  visibility  rapidly  Increases  and 
decreases  by  one'  or  more  reportable  values 
during  the  period  of  the  observation),  the  average 
of  all  observed  values  is  the  prevailing  visibility. 

In  uniform  conditions  the  determination  Is 
relatively  simple,  because  the  prevailing  vis-. 
Iblllty  wlU.be  the  same  as  the  visibility  In  any 
direction. 

In  nonuniform  conditions  one  aid  for  deter- 
mining prevailing  visibility  is  to  divide. the 
horizon  circle  Into  several  sectors,  each  of 
which  has  substantially  uniform  visibility.  Then, 
determine  the  visibility  value  that  equals  or 
surpasses  at  least  one-half  of  the  horizon  circle. 
(See  figure  3  for  various  examples.) 

Reportable  Values 

Visibility  is  reported  at  land  stations  in 
statute  miles,  and  at  ocean  stations  in  nautical 
miles,  to  the  nearest  value  given  in- table  10. 

OBSERVATIONS  OF  ATMOSPHERIC 
PHENOMENA  • 

Atmospheric  phenomena  considered  as  weath- 
er elements  of  an  observation  are  tornadoes,  wa- 
terspouts, funnel  clouds,  thunderstorms,  squalls, 
and  precipitation  in  any  form.  Hydrometeors 


Table  4.—  Distance  to  Objects  on  the  Horizon  at  Sea  (Nautical  Miles). 


It 

4.6 
5.4 

10 
10 

7.  I 


7.2 
8.0 
8.7 
9.3 
9.0 
10.  4 
7.61  10.8 
10  M.3 
15|  11.7 
1X5 
10.  Oj  13.  2 
10L7  119 
11.4  14  5 
IX  0  15.  1 


17 

9.5 
10.  ? 

10.3 

11.4 
11.9 
113 
12  8 
1*2 


15.4 
16.0 
16.  6 


9.9 
1017 
11.4 
110 
116 
11  1 
115 
140 
14.4 


14.  0  15.2 
14  7  15.9 


10t  6 
17.2 
17.  • 


10  3  115 


11.6 
113 


119  14.6 


115 


11  1 


17.5 
11  1 


113 
14  0 


112 


14,0  15.7 

14  4  11  1 

14  9  116 

113  17.0 


17.1 


118  115 


19.2 
19.8 


117  20.4 


119 
14  7 
114 
110 
116 
17.  1 
17.5 
110 
114 
19.2 
19.9 
206 
21.2 
21.3 


ion  i» 


11  1 
11  p 
116 
17.2 
17.8 
11  3 
117 
19.2 
19.6 
20.4 
2} 
21.3 
214 
210 


17.7 
115 
19.2 
19.8 
20.4 
20.0 
21.3 
21.3 
212 
210 
217 
24  4 
210 
216 


19.8 
20.6 
21.3 


21.  0)  21  6 
2 


215 


214 
219 
24  3 
21  1 
218 
216 
27.  1 
27.71 


21 


21 0|  2171 
1 


415 
27.3 
210 
216 
29.2 
29.7 
30  1 
6|  30.  6 
31.0 
31.3 
316 
312 
318 
34  4 


31.6 
314 
31  1 
317 
34  3 
343 
312 
317 
31  1 
319 
37.6 
313 
319 
39.5 


310 
318 
37.5 
31  1 
317 
39.2 
39.6 
40  1 
40.5 
41.3 
41 D 
417 
413 
419 


39.8 
40.6 
41.3 
41.9 
415 
410 
414 
419 
443 
41  1 
418 
415 
47.  1 
47.7 
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TW$  VIJiflUTY  VAI.UC  U 
ATTAlHtO  Off  SUR'ASSCO 
THWOUCHCUT  HAL'  Of  THC 
MOfflZON  CUCIC 


Tmi$  viJtfJLtTY  VALUOS 
ATTaINCO  OH  SUMaSSCO 
THROUOtMUT  ATICAST 
**■    2*  HAL'  Of  f*T  MOHlZO* 

*       *  '  CWCIC. 
•J 

Ffgure  ,3.~-  niusfrative  examples  of  determining 
% .       prevailing  \  vis  ibility. 

(other  ;th*n  precipitation)  and  lithometeors  are 
,  termed  obetructioiis  to  vision.  Igneous  and  lumin- 
ous meteoxs,  such.qs  lightning,  rainbows,  halos,' 
\  coronas,'  $nd  auroras,  are  also  observed,  Ob- 

servatyons vof  th«S#  phenomena,  except  freezing 
*'  rain  ajS4t  the  determination  of  precipitation,  are 

taken  ttfthout  tli^use  of  instruments  and  from 

as  matfy  points  as  necessary  to  view  the  entire 
-horizon*  t 

The  symbols.,  for  weather  and  obstruction  to 
vision  Entries  on  MF1-11  are  shown  in  tables 
11  and  *12  of  this  pamphlet  For  a  detailed 
explanation  .  of  :  tjhe  entries  and  how  they  are 
obtained,  see  FMH  #1. 

Intensity  of  Precipitation ;" 

Intensities  of  precipitation  are  determined 
by  one  of  two  methods.  One  method  Is  the' rate 
of  accumulation.  The  other  method  Is  the  de- 
gree,to  which  the  precipitation  affects  visibility. 


**** 


Intensities  of  all  forms  of  precipitation  ex- 
cept snow  and  drizzle  are  determined  V  the  rate 
of  accumulation.  Intensities  of  all  forms  t>f  snow 
(snow,  snow  grains;  and  snowpeilets)  and  drizzle, 
when  they  occur  alonjj,  are  determined  by  their 
effect  on  visibility.  Wheh  -any  form  of  snow  or 
drizzle  occurs  in  combination  with  one  or  more 
hydrometeors  or  lithometeors,  the  intensity  of- 
the  precipitation  is  determined  oh  the  basis  of 
the  rate  of  accumulation.  The  term  "hydro- 
meteors"  'includes  all  atmospheric  phenomena 
composed  of  liquid  or  solid  forms  of  water.  A 
lithometeor,  on  the  other  hand,  is  composed  of 
solid  dust  or  sand  particles,  or  the  ashy  products 
of  combustion. 

At  stations  not  having recordinggages,  deter- 
mine the  intensity  of  rain  from  the  guides  indic- 
ated in  table  13-A,  Determine  the  intensity  of 
drizzle  or  snow  when  neither  is  occurring  sim- 
ultaneously with  other  atmospheric  obstruc- 
tion to  vision  (smoke,  fog,  etc.)  on  the  basis  of 
table  13-B,  When  either  drizzle  or  snow  is 
occurring  simultaneously  with  other  atmos- 
pheric obstructions  to  vision  (except  precipitation), 
estimate  the  intensity  of  drizzle  on  the  basis 
of  criteria  in  table  13-C  and  estimate  the  intensity 
of  snow  on  the  basis  of  experience  with  the 
relative  apparent  rate-of-fall  or  accumulation  on 
a  surface  recently  free  of/precipitation. 

It  is  well  to.  remember  that  when  precipita- 
tion equals  or  exceeds  0.04  inch  per  hour,  there 
is  a  strong  presumption  that  the  precipitation  is 
rain. 

When  more  than  one  form  of  precipitation  is 
occurring  simultaneously,  the  individual  inten- 
sities are  estimated  on  the  basis  of  experience; 
the  use  of  tables  13-A  through  13-C  and  table 
13-D,  whtgh  gives  the  basis  for  estimating  the 
intensity  of  precipitation  (other  than  drizzle)  on 
the  rate  of  fall;  and*  the  apparent  relative  pro- 
portion of  the  precipitation  forms,  as  observed 
during  their  fall,  or  upon  impact  upon  surfaces 
recently  free  from  precipitation. 

Association  of  Precipitation 

with  Clouds  and  Temperature  


RAIN  is  associated  with  cumulonimbus,  al- 
tostratus,  stratocumulus,  stratus,  nimbostratus, 
and  cumulus  clouds.   Rain  showers  are  as- 
-sociatedwith  cumuliform  clouds;  persistent  rain, 
with  stratiform  clouds.  The  temperature  may 
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be  above,  at,  or  below  freezing  where  the 
condensation  occurs,  which  results  in  rain.  Thus, 
rain  may  originate  in  a  liquid  or  solid  form,  or 
a  combination,  but  it  must  .reach  thet  earth's 
surface  as  water  droplets  to  be  classified  as 
rain.  If  supercooled  droplets  turn  to  ice  on 
contact  with  cold  surfaces,  the  precipitation  is 
called  a  freezing  rain. 

DRIZZLE  is  associated  with  stratiform 
Clouds.  It  is  usually  persistent  Lite  rain,  it 
may  originate  in  a  liquid  or  solid  form,  and  it 
must  reach  the  earth's  surface  as  minute  water 
droplets  to  be  classified  as  drizzle.  If  the  water 
droplets  freeze  on  falling  to  surfaces,  it  is 
called  freezing  drizzle. 

SNOW  GRAINS,  or  granular  snow,  occur 
under  meteorological  conditions  similar  to  those 
of  Hrizzle,  except  that  the  temperature  is  lower. 

SNOW  occurs  under  meteorological  condi- 
tions similar,  with,  the  exception  of  the  accom- 
panying temperatures,  to  those  with  which  cor- 
responding forms  of  rain  are  associated.  St&to 
is  formed  when  water  vapor  condenses  at  tem- 
peratures at  or  below  freezing.  A  jsnowflake 
consists  of  several  (sometimes  hundreds)  geo- 
metrically designed  ice  crystals. 

HAIL  is  a  special  type  of  frozen -precipita- 
tion associated  exclusively  with  thunderstorms. 
It  is  characterized  by  extreme  sti&s  much  in 
excess  of  those  of  any  other  precipitation  ele- 
ments. 

SOFT  RIME  consists  of  white  layers  of  ice 
crystals  deposited  chiefly  on  vertical  surfaces— 
especially  on  points  and  edges  of  objects— 
generally  in  supercooled  fog  or  light  fog.  HARD 
RIME  is  opague,  granular  masses  of  ice  de- 
posited chiefly  on  vertical  surfaces  in  wet  fog 
at  temperatures  below  32*  F. 

SLEET  is  associated  with  stratiform  clouds. 
It  is  formed  when  water  droplets  of  rain  fall 
through  a  layer  of  air  at  or  below  the  freezing 
point  and  freeze  before  they  reach  the  earth's 
Jsurface,    

MARINE  OBSERVATIONS 

Specific  observation  procedures  applicable 
only  at  sea'  are  described  in  the  following 
paragraphs. 


Table  5.—  Apparent  Wind  Sjpeed. 


Speed  (knots) 

Indication 

Less  than  1  — 

I-  3  

4-6  

7-10  

II-  16  

17-21  

22-27  

28-33  —  - 

34-40  

Calm;  smoke  rises  vertically 
Smoke  drifts  from  funnel 
Wind  felt  on  face 
'  Wind  extends  light  flag 
Wind  raises  dust  and  loose  paper 
on  deck 

Wind  waves  and  snaps  flag  briskly 
Whistling  in  rigging 
Inconvenience  felt  walking  against 
wind 

Walking  becomes  difficult 

Wind 

When  the  ship  is  moving,  the  wind  experienced 
on  the  ship  and  the  ship's  anemometer  is  the  ap- 
parent wind,  a  combination  of  the  wind  vector 
and  the  ship's  vector.  Apparent  wind  must  be 
converted  to  true  wind. 

Obtain  apparent  wind  from  the  ship's  ane- 
mometer when  the  anemometer  is  available  and 
is  adequately  exposed.  Otherwise,  estimate  the 
apparent  wind  direction  to  the  nearest  10  degrees 
measured  clockwise  off  the  bow  and  the  apparent 
wind  speed  by  noting  the  effect  or  "feel"  of  the 
"wind  and  referring  to  table  5.  • 

To  compute  true  wind  from  apparent  wind 
relative  to  the  ship's  bow,  adjust  a  rotary  pro- 
tractor such  as  the  winds  aloft  plotting  board  or 
a  shipboard  wind  plotter  so  that  0*  coincides 
with  the  index  line  at  the  edge  of  the  protractor 
which  is  near  you.  Using  any  suitable  scale,  plot 
a  point  "a"  at  a  distance  from  the  center  repre- 
senting the  ship's  speed.  Turn  the  protractor  to 
the  apparent  wind  direction  relative  to  the  sfiip's 
bow  on  the  index.  Using  the  same  scale,  plot 
a  point  "b"  representing  the  apparent  wind 
speed.  Measure  the  distance  between  points  "a" 
and  'V  This  distance  on  the  scale  usedfor  Ma" 
or  "b"  is  the  true  wind  speed.  Rotate  the  protrac- 
tor until  point  "a"  is  vertically  above  point  "b"  , 
on  a  line  parallel  to  the  index  line.  When  the  two 
points  are"thus  aligned,  theprotractor  index  in- 
dicates the  wind  direction  relative  to  the  ship's 
bow.  Add  the  ship's  true  heading  to  this  value 
to  obtain  the  true  wind  direction  with  respect 
to  true  north.  An  example  is  shown  in  figure 
4. 
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Givto:  I.  Skip'i  t»**d  20  knot*. 

2.  Apparent  wind  r*Utiv*  to  bow  of 

•kip,  300«  tt  IS  knots.   

.3.  Ship'i  btading  1W. 
Computation: 

Stop  1.  RoUU  the  protractor  until  310*  ii  at 
bottom  of  protractor  on  indox  lino  "ci."  Uiing 
any  coortnitnt  acalt,  locate  and  identify  point 
"a1'  on  lino  "ci"  20  wit*  distant  from  ctnitr 
of  protractor  "c"  and  toward  point  "i,"  Tho 
distance  'W  now  rtprttonU  tbo  *nip*s  ip*#d 
of  20  knot*.  * 


[ 


SUp  STBotate  the  protractor  until  tho  apparent  wind 
direction,  L  e^  300%  coincides  with  index  Una  "ci."  Using 
the  same  tenia  aa  in  atop  1,  plot  *b"  along  tha  index  line 
15  unite  distant  from  ac"  ana  toward  "i.^  This  distance 
"be"  represents  the  apparent  wind  speed 

Step  3.  Using  the  tune  scale  at  in  step  1,  obtain  the 
tnis  ytnmd  rpuH  by  measuring  the  distance  from  "a"  to 
«b  ," 


Step  4.  Turn  the  protractor  until  the  line  determined 
by  points  "a"  and  "b"  is  parallel  to  the  rertical  parallel 
lines  on  the  plotting  board  (beneath  the  protractor),  and 
until  point  V  is  above  point  *b."  Bead  the  computed 
wind  direction  reletm  to  the  bow,  i.  e.,  226  from  the  edge 
of  the  protractor  closest  to  the  obeerrer  on  line  "d." 

Step  5.  Add  the  ship's  heading,  u  e^  160%  to  the  direc- 
tion obtained  in  step  4,  i.e.,  160+226-386.  Since  this  sum 
is i  greater  than  360,  subtract  360  to  obtain  the  true  wind 
^rsction,  L  e.t3S6  minus  360-26%  which  is  the  *nw  wind 
affection. 


Figure  4.—  Computation  of  True  Wind 
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Use  the  following  guidelines  for  a  check  when 
computing  true  wind  at  sej* 


e.g.,  "Condensor  intake  temperature  used  for 
hourly  and  3-hourly  observations.  Bucket  obser- 
vations -made  for  6- hourly  observation  only." 


1.    The-  true  wind  direction  \n  always 
same  side,  of  t8'%nhip'as  the  apparent  wind 
direction,  but  farther  f^om  the  bow. 

 2,    When  the  apparent  wind  direction  i^aft 

of  the  beam,  the  true  speed  is  greater" than  the 
apparent  speed.  V 

3,  When  the  apparenfwind  di  rect ion  is  ahead 
of  the  beam,  the  tru^  speed 4s  less  than  the  ap- 
parent speed. 

Temperature 

At  sea,  obtain  ftee  air  temperatures  port- 
able thermometers  •  and  psychrometers.  When 
operating  the. portable  sling  psychrometer  or  the 
electric-aspirated  psychrometer,  use. the  purest 
available  water  to  moisten  the  wet  bulb.  You  may 
use  cooled  condenser  water;  if  distilled  water  is 
not  available.  When  practicable,  store  psychro- 
meters outside  in  a  location  protected  from  spray 
and  sunlight.  If  the  muslin  on  the  wet-bulb  ther- 
mometer is  exposed  to  spray,  change  it  immed- 
iately. Otherwise,  change  the  muslin  once  a  week. 
Make  psychrometric  readings  on  the  windward 
side  of  the  ship,  holding  the  instrument  at  arm's 
length  and  upwind  from  you.  Whirl  the  sling.psy- 
chrometer  at  a  rate  of  4  revolutions  per  second 
(9  knots  or  15  feet  per  second)  until  you  obtain 
the  lowest  wet- bulb  Teading.  When  this  occurs,, 
read  both  thermometers.  When  the  apparent  wind 
is  9  knots  or  more,  whirling  is  unnecessary, 
To  operate  the  electric-aspirated  psychrometer, 
be  sure  that  the  plastic  shield  is  in  place  over 
thftjhermometer  bulbs  and  turn  the  fan  on  under 
allw^nd  conditions.  A  rheostat  on  the  fan  switch 
controls  a  light  which  illuminates  the  thermom- 
eters for  night  observations.  When  you  have  ob- 
tained the  dry-  and  wet-bulb  readings,  proceed 
with  computations  for  deW-poi'nt  temperature, 
using  the  psychrometric  computer. 

Obtain  sea  water  temperature  bucket  ob- 
servation, if  feasible.  If  you  use  other  sensors, 
make  comparisons  for  each  trip  between  bucket 
samples  and  the  sensor  used  at  5- knot  increments 
of  the  ship's  speed,  and  apply  the  appropriate 
correction  to  the  sensor  reading,  When  using 
other  sensors,  ente^** remark  uriSer  "Remarks, 
Notes  and  Miscellaneous  Phenomena,"  stating 
which  sensors  you  used  for  which  observations, 


1.  Bucket  Observation  Method  Be  Jure 
a  line  is  attached  to  the  bucket.  From  as  far 
forward  as  possible,  heave  the  bucket  over- 
board. Allow  time  for  the  bucket  to  come  to 
the  sea  temperature.  Haul  in  the  sample  rapidly 
and  take  it  to  a  point  out  of  sunlight  and  wind. 
Stir  the  water  with  a  thermometer  until  the 
thermometer  reading  stabilizes.  Read  the  ther- 
mometer to  the  nearest  tenth  of  a  degree  with 
the  bulb  still  immersed  in  the  water. 


2.  CcJndensor  Intake  Temperature.  Within 
15  minutes |of  the  scheduled  observation  time, 
read  the  iutake  thermometer  to  the  nearest 
O.r,  or  if  the  thermometer  is  marked  in 2- degree 
increments,  estimate  between  scalfe  markings  to 
0.2*.  Add  the  bucket  comparison  correction  for 

3,  Other  Systems.  Use  the  instructions  pro- 
vided with^he  sea  water  temperature  sensing 
system.  * 


Ice  Accrection  / 

When  ice  forms  on  theship'tfsuperstructure, 
observe  the  following  factors  for  synoptic  pur- 
poses: 

> 

1.  Source  of  ic.e  accretion  —  Note  whether 
the  icing  is  caused  by  ocean  spray,  fog,  rain 
or  pairs  of  these  phenomena. 

2.  Thickness  of  ice  accretion  —  At  each 
synoptic  observation,  measure  the  thickness  of 
the  ice  on  an  exposed  object  where  the  icfe  build- 
up is  greatest.  If  possible,  use  a  centimeterstick 
and  measure  the  thickness  in  whole  ca  Otherwise, 
measure  the  thickness  in  tenths  of  an  inch  and 
use  a  rough  conversion  of  0,4  in.  »  1  cm 

3.  •  Rate  of  ice  accretion  —  Note  whether 
the  icq.  thickness  is  building  up  slowly  or  rapidly, 
is  remaining  the  same,  or  is  melting  or  breaking 
up  slowly  or  rapidly. 
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Six-Second  Intervals 
Figure- 5.—  Well  Formed  Waves  (A)  Shown  on  an  Automatic  Wave  Recorder  Trace. 


Sea  Condition  * 

At  each  observation  determine  the  height 
and  period  of  vind  waves.  Determine  the  direction, 
height,  and  period  of  each  swell  system  if  dis- 
tinguishable from  wind  waves  and  if: 

1.  The  swell  direction  differs  from  the 
wind  direction  by  30*  or  more  or 

2.  The  swell  period  differs  from  the  wind 
wave  period  by  4  seconds  or  more. 

Any  additional  swell  systems  must  differ  in' 
direction  from  both  the  wind  direction  and  each 
evaluated  swell  direction  by  30*.  In  most  cir- 
cumstances, only  one  swell  system  can  ]>e  dis- 
tinguished 


Selecting  Waves  for  Wave  Data.  —  Waves 
in  the  same  system  usually  occur  in  "sets", 
consisting  of  a  sequence  of  a  few  large,  hftXk 
formed  waves  followed  by  ah  interval  in  wjiich 
only  small,  poorly  formed  waves  opcur;  -then, 
another  Bet  of  well  formed  waves,  etc.  Determine' 
the  required  data,  using  only  the  well  formed  wave^ 
in  each  set.  Figure  5  shows  wave, sets  as  they* 
appear  on  an  automatic  wave  "recorder  trace. 

Ware  Direction.  —  Determine  ^ave  direction 
by  turning  to  face  the  oncoming  waves  or  by 
sighting  parallel  along  the  qrests  of  the  waves  v 
and  adding  or  subtracting  90*  as  "appropriate. 
Do  not  report  the  direction  for  wind  waves. 
When  you  can  neither  determine  swell  direction 
nor  classify  it  as  "confused,?*  do  not  evaluate 
the  height  or  period  of  that  swell  system. 

Wave  Period—  To  determine  the  wave  period  * 
for  wind  waves  or  swell,  select  a  distinctive 
patch  of  foam '  or  a  floating  object  at  some 


distance,  forward  of  the  ship.  Note  the^lapsed 
time  in  seconds  between  the  moments  when  the 
object  is  on  the  crest  of  the  first  and  last  well 
formed  Tvave  in  the  group.  Also  count  the  number 
of  wave  crests  that  pass  under  the  object  during 
the  interval.  Continue  to  evaluate  the  wave  sets 
in  this  manner  Until  you  have  timed  at  least 
15  waves.  Divide  the  number  of  waves  by  the 
elapsed  time  to  determine  the  wave  period  Do 
not  count  the  wave  crest  on  which  you  started 
the  timing  of  the  object.  $ 
«  „ 

Wave  Height.  —  Estimates  are  required  for 
the  height  of  wind  waves  and  swell.  Whenever 
possible,  estimate  the  height  of  waves  near  the 
side  of,  another  ship  with  respect  to  known 
dimensions  of  the  ship;  e.g.,  if  the  height  of 
the ,  other  ship's  bridge  is  28  feet  above  the  * 
waterline  and  the  wave  ctfest  reaches  one-quarter 
of  this  distance,  the  wave  height  is  7  feet.  When 
ahother  ship  is  not  in  sight,  take  the  observation 
from  a  point  amidships  near  the  center  line 
when  roll  and  pitch  .is  at  a  minimum  as  follows: 


*  ,1. ,  When  the  *  distance*  between  successive 
"  crests  fs  ,the  same  as  or  less  than  the  length 
of  the  ship,  estimate  the' Wave  height  by  looking 
over  the  side  of  the  ship  and  determining  the 
relative  heights  of  the  crest  and  trough  .with 
respect^  t&  known'  heighte  along  the  ship,  e.g., 
.height  of  _ the  sea  ladder  atwve  the  waterline, 
port  holes,  etc.  , 


2.  When  the  distance  between  crests  is 
greater  than  the  length  oP  the  ship,  move  up 
and  down  until  the  wave  crest  is  aligned  v/ith 
thf  horizon  when  the  t  .'ship  is  on  an  even  keel 
and  Itf  trough^  The  wive  height  is  the  same  as 
eye  level  above  the  waterline.  Unless  the -ship 
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is  on  an  even  keel  when  this  estimate  is  made, 
the  height  will  be  erroneous. 

In  general,  it  has  been  found  by  comparing 
instrument  measurements  to  eyeball  estimates 
that  small  wave  heights  are  underestimated  while 
great  wave  heights  are  overestimated.  Theoret- 
ically, the  wave  height  cannot  exceed  1/13  of 
the  wave  length  measured  from  trough  to  trough. 

Sea  Ice 

When  you.  observe  ice  in  the  sea  within  30  n. 
mi,  of  the  Ship's  position  at  observation  time, 
determine  the  kind  of  ice,  the  effect  of  the  ice 
on  navigation,  the  bearing  of  the  ice-limit, 
and  the  orientation  of  the  ice-limit 

GENERAL  OBSERVATION  PROCEDURES 

Some  'genera}  procedures  to  follow  when  taking 
surface  weather  observations  are  as  follows: 

1.  Accuracy  of  time  in  observations.  The 
accuracy  of  the  actual  time  of  observations  and 
of  the  time  checks  on  recording  charts  is  of  the 
utmost  importance'  in  weather  observations.  The 
actual  time  of  observation  will  be  the  time  that  the 
last  element  is  entered  on  the  observation  form. 

2.  Disposal  of  insignificant  figures.  When  ' 
computations  require  that  a  number  be  rounded, 
disregard  algebraic  signs1  and  observe  the  fol- 
lowing procedure: 

a.  If  the  fractional  part  to  be  disposed 
of  is  one-half  or  greater,  increase  the  pre- 
ceding digit  by  one. 

b.  If  the  fractional  part  to  be  disposed 
of  is  less  than  one* half,  the  preceding  digit 
will  remain  unchanged.  ' 

*  c.  An  exception  to  this  'procedure  is  in 
fhe  reporting  of  cloud  heights  and  visibility. 
When  the  actual  value  of  a  cloud  height  or 
the  visibility  falls  midway  between  two  report* 
able  values,  report  the  lower  of  the  two. 

3.  Use  of  form  MF1-11.  Generally  the 
form  MF1-11  is  used  for  shipboard  observations 
(formerly  WfiAN  11).  Prepare  an  original  and  at 
least  one  carbon  copy  of  MF1-11.  Start  a  new 
page  for  each  day  with  the  first  observation  for 
that  day  (Greenwich  time). 


,  ^  •  -  Q^j^ition "oTfbrms*.  "Complete  MF1-11 
in  full  and  forward  the  original  to  the  appro- 
priate agency  in  accordance  with  current  instruc- 
tions'. 

5.  Observing  practices.  Adhere  to  the  fol- 
lowing practices  when  taking  a  surface  weather 
observation: 

a.  Time.  Take  all  observations  with 
reference  to  the~24-hour  clock;  e.g.,  1:48  a.m. 
is  refered  to  as  0148  and  1:48  p.m.  is  referred 
to  as  1348.  The  .times  0000  and  2359  indicate 
the  beginning  and  the  ending  of  the  clay,  re- 
spectively. 

b.  Time- of  beginning.  Insofar  as  pos- 
sible, do  not  observe  elements  more  than  15 
minutes  prior  to  dissemination  of  the  observation. 

c.  Order  of  observing.  Evaluate  ele- 
ments having  the  greatest  rate  of  change  last. 
When  conditions  are  relatively  unchanging,  eval- 
uate the  elements  in  the  following  order: 

(1)  Elements  outdoors 

(2)  Elements  indoors 

(3)  Pressure 

<t  When  taking  observations  at  night, 
allow  sufficient  time  for  your  eyes  to  become 
adjusted  to  the  darkness. 

e.  Normally,  all  observations  taken 
by  the  MST  will  be  record  observations  and  will 
be  indicated  by  the  letter  "R," 

SURFACE  WEATHER  OBSERVATIONAL 
FORM  (SHIP)  -  MF1-11 

Form  MF1-11  is  the  basic  form  for  recording 
marine  surface  observations.  It  provides  space 
for  airways  (aviation)  observations,  3-  and  6- 
hourly  synoptic  observations,  and  climato logical 
data.  Prepare  a  new  MF1-11  in  duplicate  each 
day*  at  midnighf,  GMT.  Enter  the  ship's  name' 
and  the  date  in  the  form' s  heading. 

The  airways  code  is  columns  1  through  24 
of  MF1-11.  The  airways  code  for  marine  ob- 
servations is  the  same  as  the  land-station  airways 
code  except  that  position,  course,  and  speed  are 
substituted  for  the  land-station  location  identifier. 
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Columns  25  through  40  are  the  synoptic  code. 
The  synoptic  code  used  is  WMO  Code  FM21*D, 
found  in  N.  O.  118  Radio  Weather  Aids.  For  more 
-  detailed  instructions  of  the  airways  observation 
code  and  the  synoptic  code,  see  FMH  #1  and 
FMH  #2. 

m  AIRWAYS  COLUMN  ENTRIES 

Position  (Col.  1) 

Enter  coded  data  as  specified  by  the  column 
heading.  The  symbols  have  the  foilowingmeanings: 

1.  Q  —  Quadrant  of  the  globe  from  table  6. 

2.  LL  —  Latitude  to  the  nearest  whole 
degree. 

3.  Ill  —  Longitude  to  the  nearest  whole 
degree. 

Course  (Col.  2) 

Enter  true  course  to  the  nearest  degree.. 
Enter  a  dash  if  the  ship  is  not  underway. 

Ship's  Sjpeed'(CoL^) 

Enter  ship's  speed  to  the  nearest  knot. 
Enter  a  dash  if  the  ship  is  not  underway.. 

Type  (Col.  4) 

Enter  the  letter  "R"  for  record  observation 
unless  you  receive  instructions  to  the  contrary. 

Time  (Col.  3) 

Enter  the  time  in  hours  and  mimges,  GMT, 
that  the  last,element  is  observed* 

Sky  and  Ceiling  (Col.  6) 

Enter  sky  cover  data  in  accordance  with 
the  following  paragraphs.  Enter  data  for  each 
layer  of  clouds  and  obscurihg  phenomena  present 
at  and  below  the  highest  layer  visible  from  the 
observation  site.  Make  entries  in  ascending  order 
of  the  height  of  the  bases  of  the  layers.  Use  an 
additional  line  if  more  space  is  needed,  and 
enter  data  in  the  following  format: 

1.  Sky  cover  symbol.  Enter  the  aky  cover 
visible  from  the  observation  site,  using  the 


appropriate  symbol  or  combination  of  symbols 
from  table  8.  * 


2.  Height  of  sky  cover.  P  ref  Ix  each  symbol, 
except  clear  and  partly  obscured  conditions,  with 
the  height  in  hundreds  of  feet,  using  the  incre- 
ments shown  in  table  7. 


3,  Ceiling  designator.  Prefix  a  ceilingdes- 
ignator  to  the  height  of  the  first  layer  which  is 
reported  as  either  obscoired,, broken,  or  overcast, 
but  not  classified  as  thin,  using  the  appropriate 
designator  from  table  9. 


Visibility  (Col.  7) 

Enter  the  prevailing  visibility  in  increments 
of  nautical  miles,  using  table  10. 

Weather  and  Obstructions  to  Vision  (CoL  8) 

Enter  the  weather  and  obstructions  to  vision 
occurring  both  at  the  station  and  at  the  time  of 
the-  observation,  using  the  symbols  from  table  11 
or  plain  language.  Indicate  the  intensity  of  weather 
when  appropriate,  using  the  symbols  forintenSity- 
from  table  12,  To  determine  the  intensity  of  the 
different  types  of  weather,  use  tables  13A,  13B, 
13C,  and  13D.  Never  assign  intensity  symbols 
to  obstructions  to  vision* 

Sea  Level  Pressure  (Col,  9) 

Enter  the  sea-level*  pressure  in  millibars, 
using  only  the  tens*  units,  and  tenths  digits 
(without  a  decimal  point),  e.g.,  enter  1013.2  as 
132.  If  you  estimate  the  pressure,  prefix  the 
value  with  an  "E." 

Dry-Bulb  Temperature  (Col.  10) 

Enter  the  dry-bulb  temperature  to  the  nearest 
0. 1  of  a  degree  Fahrenheit,  Temperatures  be.low 
zero  degrees  Fahrenheit  are  prefixed  with  a 
minus  sign. 

Dew  Point  (Col.  11) 

Enter  the  temperature  of  the  dew  point  to 
the  nearest  whole  degree  Fahrenheit.  Dew-point 
temperatures  below  zero  degrees  Fahrenheit  are 
prefixed  with  a  minus  siga 
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Tin* ^UfirectlonlCoriay 

Enter  the  true  direction  from  which  the  wind 
is  blowing  to  the  nearest  ten  degrees*  as  listed 
In  table  14.  When  the  wind  Is  calm,  enter  "00" 
for  the  direction* 

Wiod  *eed  (Col  13) 

Enter  the  wind  speed  in  whole  knots,  using 
the  tens  and  units  digits.  When  the  speed  is 
100  toots  or  more,  add  50  to  the  wind  direction 
as  entered  in  column  12  and  enter  only  the  tens  • 
and  units  digits  of  the  wind  speed  in  column  13. 
When  the  speed  is  determined  to  be  calm  (less 
than  1  toot)  enter  "00"  for  speed. 

Wind  Chitr&cter  (Col  14) 

If  gusts  or  squalls  are  observed  in  the  10 
minutes  prior  to  the  observation,  enter  4IGM 
for  gust  or  !*Q"  for  squall,  as  appropriate, 
followed  by*  the  peak  speed  in  the  10-mtoute 
period. 

Whenever  either  the  reported  wind  direction, 
speed,  or  speed  of  gusts  6r  squalls  is  estimated, 
prefix  the  direction  with  an  "E". 

Altimeter  Setting  (Col.  15) 

Enter  the ,  altimeter  setting  in  inches  of 
mercury,  using  only  the  units,  tenths,  and  hund- 
.  redths  digits  {without  a  decimal  point).  If  the 
altimeter  setting  is  below  29.00  inches,  prefix  the 
)i%  with  the  word  "low."  Normally  the  al- 
ISijr  is  not  entered;  however,  on  icebreakers 
when  helicopters  are  attached,  it  becomes  neces- 
sary to  enter  the  altimeter.  The  procedure  for 
determining  the  altimeter  is  as  follows:  subtract 
10  feet  from  the  barometer  height  above  the  ship's 
mean  waterline  and  multiply  the  height  obtained 
by  a  factor  of  0.00108  inches  of  mercury.  Add 
this  value  to  the  corrected  station  pressure 
and  round  oft  to  the  nearest  0.01  inchf  to  obtain 
the  altimeter  setting.  This  value  is  then  entered 
in  column  15. 

Remarks  (Col.  16) 

Make  entries  in  this  column  to  record  opei> 
ationally  significant  information  not  reported  else- 
where, to  elaborate  on  preceding  coded  data,  or 
to  record  for  dissemination  supplementary  3- 
and  6-hourly  synoptic  data.  The  entries  that  can 


be  made  in  this  column  are  long  and  varied; 
consult  the  appropriate  ch*ipters  in  FMH  #1 
for  instructions.  > 


Toiai  Sky  Cover  (Col.  17) 

Enter  _for  each  obeervati9n  the  tenths  of 
sky  covered  (not  necessiffny7hiaderir  by  all 
clouds  visible  at  the  station.  For  example,  enter 
6  for  six  tenths. 

Total  Opaque  Sky  Cover  (Col  18) 

Enter  as  a  whole  number  the  total  tenths 
of  sky  that  is  hidden  by  clouds  and/orobecuring 
phenomena.  Note  that  this  entry  is  similar  to  the 
entry  in  column  21  except  that  sky  cover  through 
which  the  sky  can  be  seen  is  disregarded 
The  maximum  amount  to  be  entered  is  10. 

Wet- Bulb  Temperature  (Col.  19) 

Enter  the  wet- bulb  temperature.to  the  nearest 
0.1  of  a  degree  Fahrenheit 

Sea  Water  Temperature  (Col.  20) 

Enter  the  _sea  water  temperature  to  the 
nearest  0.1  of  a  degree  Celsius. 

Sea  Waves  (Col  21) 

Enter  four  digits,  the  first  two  representing 
the  average  period  of  the  wind  waves  in  seconds 
and  the  last  two  rep  resenting  the  average  height  of 
the  wind  waves  in  feet. 

Swell  Waves  (Col  22) 

When  you  observe  swell,  enter  six^digits, 
the  first  two  representing  the  swell  direction  in 
tens  of- degrees,  the  second  two  representing  the 
-average  period  of  swell  in  seconds,  and  the  last 
two  the  average  height  of  the  swell  in  feet.  When 
yott  do  not  observe  swell,  leave  this  column  blank* 

Station  Pressure  (Col  23) 

Enter  the  station  pressure  to  the  nearest 
0.005  Inch  of  mercury. 

Observer's  Initials  (Col.  24) 

Enter  your,  initials  in  this  column. 
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Table  6.—  Symbol  Qc  —  Quarter  of  the  globe. 


{forth 


-to* 


8 

©  Qc.  7(i.«.,»  Ut.S  Hi.«,,K  Ut, 
S        t*4  V  Lone.)      .*      tad  e  Long.) 


-Equator  (0*)- 


Q,-5(i.t.,5  Ut.  «  Qc.3(1.«mS  Ut. 

f  Lor|<)       »        md  t  Loot.)  , 


-to*- 


South 


1.  When  'the  ship  is  precisely  on  the  Greenwich  .Meridian  (i.e.,  E  L  L  L  a  0000)  either  code 
figure  1  or  7  (Northern  Hemisphere)  or  code  figure  3  or  5  (Southern  Hem?sp?iere).may  be'reported, 
as  appropriate  with  respect  to  latitude. 

2.  When  the  ship  is  precisely  on  the  Equator  (i.e. ,  L  L  L  =  0Q0)  either  code  figure  1  or  3  (Eastern 
Hemisphere)  or  code  figure  5  or  7  (Western  Hemisphere)  may  be  reported,  as  appropriate  with 
respect  to  longitude. 


Table  7;—  Sky  cover  height  values. 


Reportable*  value? 

Feet 

(coded  in'hundreds 

Entries 

•  of  feet) 

5, 000  or 

To  nearest  100  ft. 

1,  10,  50,^ 

'  less. 

etp. 

.5, 001  to 

To  nearest  500  ft. 

55,  75/ 

10,000. 

,100,  etc. 

Above 

To  nearest  1,000  ft.  . 

140,  180, 

10,000. 

200,  etc. 

•  1,    Encode  height  values  that  are  halfway  between  reportable  increments  as 
the  lower  of  the  two  increments. 

*  2,    Suffix  the  average  of  all  observed  values  with  a  "V"  (for  "variable") 
whenever  the  ceiling  height: 

a.    Is  less  than  3,000  feet,  and 


b.    Rapidly  increases  or  decreases  by  one  or  more  tabular  values  (con- 
secutive increments)  during  the  period  of  the  observation. 
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Summation  Amount  of 
o*jr  v-»over  m  lentns 

Symbol 

Contraction  When 
Symbols  Not  Used 

ck  mJi  rife 

l/10\o  less  than 
10/10  surface-based 
obscuring  phenomena 

-X 

PTLY  OBSCD 

No  height  assigned  this  condition.  Vertical  visi- 
bility is  not  completely  restricted.  _ 

10/10  surface-based 
obscuring  phenomena 

X 

OBSCD 

Always  preceded  by  a  irW"  and  a  vertical  visi- 
bility value. 

Less  than  1/10 

•  o 

«  CLR 

This  symbol  is  not  used  in  combination  with 
others.  If  considered  significant  include  a  re- 
mark in  column  16  pertaining  to  the  presence  of 
less  than  1/10  clouds,  e.g.,  STFRA  NW. 

1/10  thru  5/10  half 
or  more  thin 
1/10  thru  5/10  more 
than  half  opaque 

6/10  thru  9/i0  half 
or  more  thin 

Uiuy  used  to  report  lAyers  aloft . 

Vi/ 

-.  (D 

THNSCTD 

SCTD 
THN  BKN 

* 

Height  value 8  preceding  these  symbols  are  never 
designated  as  ceiling  layers.  > 

6/10  thru  9/10  more 
than  half  opaque 

BKN 

Height  value  preceding  this  symbol  prefixed  with 
a  ceiling  layer  designator  provided  a  lower  ceil- 
ing layer  is  not  present. 

10/10  half  or  more 
thin- 

-e 

THN  OVC 

Height  value  preceding  this  symbol  is  never  pre- 
fixed with  a;  ceiling  layer  designator* 

10/10  more  than 
half  opaque 

e 

OVC 

This  symbol  is  used  in  combination  with  lower 
overcast  layers  only  when  such  layers  are  clas- 
sified as  thin.  Height  value  preceding  t^is  symbol 
is  prefixed  with  a  ceiling  layer  designator  pro- 
vided a  lower  broken  ceiling  layer  is  not  present. 

Table  8.— Sfy  Cover  Symbols. 


JTOI£^i^iimft..requij^fo^  not  exceed  the  15 

minutes  prior  to  time  of  dissemination  of  the  observation  data,  since  the  weather 
elements  and  sky  conditions  can  vary  considerably  in  15  minutes.  Therefore, 
you  should  memorize  some  of  the  tables  that  are  used  in  recording  surface 
-weather  observations.  The  tables-that  you  should  memorize  are  as  follows: 

t    Ceiling  designators  (table  9) 

2.  Sky  cover  height  values  (table  7) 

s 

3.  f(/SJ^-T<SveT  symbols  (table  8) 

4.  -  Symbols  for  weather  and  obstructions  to  vision  (table  11)  and  symbols 

_  for  their  intensities  (table  12)  * 


,.~  Table  9.- Sky  Cover  Ceiling  Height  Classification  Designators. 


Ceiling 
Designator 

M 

R  .  ' 
A  1 
B 
E 
W 


Method  Used  to  Determine  Height 

.  Measured  (ceilometer,  ceiling  light,  buildings,  etc.) 
Radar 

Aircraft  report 

Balloon  ascent  (ceiling,  pilot,  raob) 
..Estimation-^  -.  y 

Vertical  visibility  into  obscuration.  This  is  the 
only  symbol,  used  with'  an  X  condition. 


1.  In  general,  when  more  than  one  current  height  evaluation  is -available 
base  the  designator  and  height  ,  on  the  method  of  determinationTusing  this' 
tame  as  a  guide,  on  the  recency  bf  the  observation,  and  on  the  observer's 
of  rSility"16  0b8erVa"0n  Site<  Desi8nators  «e  in  general  descending  order 

2.  Pilot  reports  of  the  maximum  vertical  height  above  the  ground  in  surface-" 
based  obscuring  phenomena  (obscured  sky)  or  the  height  "of  Uye'rs  aloft,  other 
than  cirriform,  need  not  be  used  if,  in  your  judgment,  they  are  not  representative 
oi  conditions. 
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Table  10.-  Reportable  Visibility  Values  (miles). 


Increment? -of  Separation  (Miles)  * 

1  /  1  c 

1  /  Id 

1/8 

1  /  * 

1 

5 

0 

'3/8  ■ 

1  1/4 

0  I/O 

3 

10 

1  3 

1/1-6 

1/2 

1  3/8 

2  1/4' 

3 

*4 

11 

20 

1/8 

m  5/8. 

1  1/2 

2  1/2 

*  5 

'  12' 

25 

3/16 

3/4 

1  5/8 

6 

13- 

30 

1/4 

7/8 

1  3/4 

7 

14 

35 

5/16 

1 

1  7/8 

8 

15 

40 

1/8 

11/8 

10r 

9* 

etc. 

1.  .Enter  the  visibility  jn  statute  miles  at  land  stations  and  in  nautical  miles 
on  ships  and  ocean-station  vessels.  When  the  visibility  is  halfway  between 
consecutive  tabular'yalues,  select  the  lower  value. 

2.  When  the  prevailing  visibility  is  judged  to  exceed  15  miles  and  ther  most 
distant  marker  is  15  miles  or  less,  but  more-tfmn  7  miles  from  the  point 
of  observation,  code  the  visibility  as  15+. 

3.  •  Suffix  the  average  of  all  observed  values  with  a  "V"  (for  "variable") 
whenever  the  prevailing  visibility: 


a.   Is  less  than  three  milcst  *nri 


b.  Rapidly  increases  or  decreases  by  one  or  more  tabular  values  (con- 
secutive increments)  during  the  period  of  the  observation. 
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_  —    ^4ble  11.— Symbols  for-Wetthe^d-€«»tructionff-tO"Vision. — 

Or 


Weather 


TORNADO,  WATERSPOUT  or  FUNNEL  CLOUD  are  JfcLs  written  out  in  full 


T+  4  Severe  Thunderstorm  IP  ice  Pefiets 
T      Thunderstorm  IPW  Ice  Pellet  Showers 
R       Rain                    .  s  Snow 
RW  ,  Rain  Showers  §W  m  §now  Showers , 
L       Drizzle  ,  SP  Snow  Pellets  ' 
ZR     Freezing  Rain  SG  Snow  Grains 
ZL     Freezing  Drizzle  IC   •  Ice  Crystals 
 *              A  Hail 


Obstructions  tp  Vision 


 -7  — 1  

Fog                                    .    ,  IF      Ice  Fog 
GF     Ground  Fog  H  Ha^e 

BS     Blowing  Snow  K  Smoke 

BN     Blowing  Sand  D  Dust 

BP     Blowing  Dust   BY     Blowing  Spray, 


Combinations  of  these  symbols  are  entered  in  the  following  order: 

a.  Tornado,  funnel  cloud  or  waterspout 

b.  Thunderstorm 

c.  Liquid  precipitation,  in  order  of  decreasing,  intensity 

d.  Freezing  precipitation,  in  order  of  decreasing  intensity 

e.  Frozen  precipitation,  in  order  of  decreasing  intensity  »  * 

f.  Obstructions  to  vision;  in  order  of  decreasing  predominance,  if 
discernible 

Obstructions  to  vi5ion  are  reported  only  when  the  prevailing  visibility 
is  less  than  7  miles  and  the  obstruction  to  vision  is  occurring  at  the 
station.  If  the  visibility  is  reduced  to  less  than  7  miles  by  obscuring 
phenomena. not  at. the  station,  report  the  phenomena  in  remarks.  


Table  12.-  Symbols  for  Intensity. 


H«avy  -       Very  light 

kight  \  s  Absence  of  symbol  indicates  moderate 


No  intensity  is  assigned  to  tornadoes,  waterspouts,  funnel  clouds,  hail  or 
ice  crystals;  and  only  moderate  or  severe  is  reported  for  thunderstorms. 
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Table  13A  —  Guides  for  approximating  intensity  of  rain* 


Very  light 


Light  (slight)* 


Moderate 


Heavy 


Scattered  drops  that  do  not  completely  wet  an 
exposed  surface,  regardless  of  duration. 


Individual  drops  are  easily  identifiable;  spray 
observable  over  pavements,  roofs,  and  the  like 
is  slight;  puddles  form  very  slowly;  over  2 
minutes  may  be  required  to  wet  pavements  and 
similarly  dry  surfaces;  sound  on  roofs  ranges 
from  slow  pattering  to  gentle  swishing;  steady 
small  streams  may  flow  in  gutters  and  downspouts. 


Individual  drops  are  not  clearly  identifiable; 
spray  is  observable  Just  above  pavements  and  other 
hard  surfaces;  puddles  form  rapidly;  downspouts 
on  buildings  run  l/4  to  1/2  full;  sound  on  roofs 
ranges  from  swishing  to  gentle  roar. 


Rain  seemingly  falls  in  sheets;  individual  drops 
are  not  identifiable;  heavy  spray  to  height  of  sev- 
eral inches  is  observable  over  hard  surfaces; 
downspouts  run  more  than  1/2  full;  visibility 
is  greatly  reduced;  sound  on  rooto  resembles 
roll  of  drums  or  distant  roar,  :-. 


The  term  "slight"  is  used  only  in  synoptic  observations 


Table  13B  —  Intensity  of  drizzle  and  snow  with  visibility  as  criteria. 


Very  light ....  Scattered  flakes  or  droplets 
that  do  not  completely  cover 
or  wet  an  exposed  surface, 
regardless  of  duration. 

Light  (slight)*  .  Visibility  1,100  yards  or  more 
(5/8  statute  mile). 

Moderate  ....  Visibility  less  than  1,100 
yards,  but  not  less  than  550 
yards. 

Heavy  Visibility  less  than  550  yards 

(5/16  statute  mile). 

♦The  term  "slight*  Is  used  only  in  synoptic 
observations. 
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Table  13C  -  Intensity  of  drizzle  on  rate-of-fall 
basis. 


Very  light . 


Light  (alight)' 
Moderate  ,  .  . 


Heavy 


Scattered  drops  that  do  not 
completely  wet  an  exposed 
surface,  regardless  of  dura- 
tion. 

Trace  to  0.01  inch  per  hour. 
More  than  0.01  Inch  to  0.02 

Inch  per  hour. 
More  than  0.02  Inch  per  hour. 


•The  term  "slight* 
,  observations. 


is  used  only  in  synopfic 


e<^ot 


Table  13D  —  Intensity  of  precipitation^ 
than  drizzle)  on  rate-of-fall  basis.. 


other 


Very  light .  .  .  . 

Light'  (slltfit)*  . 
Moderate 
Heavy  


Scattered  drops  or  flakes  that 
1o  not  completely  wet  or  cover 
an  exposed  surface,  regard- 
less of  duration. 

Trace  to  0,10  Inch  per  hour; 
maximum  0,01  Inch  in  6  min- 
utes, 

0,11  Inch  to  0.30  Inch  per  hour: 

more  than  0.01  Inch  to  0.03 

inch  In  6  minutes/ 
More  than  0.30  Inch  per  hour: 

more  than  0.03-  inch-In  8  mln?, 

utes. 


•The  term  flight*  Is  used  only  in  synoptic 
observations:      ' *  _ 


Table  14.—  Wind  Direction  in  Tens  of  Degrees  (True)/ 


Degrees' 
True  • 

Compass 
Points 

Tens  of 
*  Degrees 

Degrees 
True* 

Compass 
Points 

Tens  of 
Degrees 

355-004 

36 

175-184 

,  %  S 

18 

005-014 

01 

185-194  1 

19 

015-024 

NNE 

02 

195-204 

v  ssw 

20 

025-034 

03, 

205-214 

21 

035-044 

04 

215-224 

22 

045-054 

NE 

05 

225-234 

sw 

23 

055-064 

06 

.  235-244 

24 

065-074 

ENE 

07 

245-254 

wsw  ' 

>  25 

075-084 

08, 

255-264 

26 

085-094 

E 

09 

265-274 

w  * 

27 

095-104 

10 

275-284 

•  28 

105-114 

ESE 

11 

285-294 

WNW 

29 

115-124 

12 

295-304 

30 

125-134 

13 

305-314 

31  • 

135-144  ~ 

*SE 

14 

315-324 

NW 

32 

145-154 

15 

325-334 

33 

155-164 

SSE 

16  1 

335-344 

NNW 

34 

165-174 

17  1 

345-354  1 

A. 
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SYNOPTIC  CODE  COLUMN  ENTRIES 

Columns  25  through  40  comprise  the  FM 
21.D  form,  of  the  synoptic  code.  For  a  complete 
and  detailed  study  of  this  pode,  refer  to  PMH  #2, 
Synoptic  Code.  Since  the  entries  here  can  be 
many  and  varied  and  are  also  subject  to  constant 
chaufe,  we  will  briefly  cover  only  the  general 
terms  and  meanings  of  each  column. 


VVwwW  (Col.  30) 


l)  VV  -  Code  figure  for  the  prevailing 
visibility. 

■2.  ww  —  Code  figure  J^r  present  weather. 
3.    W  —  Code  figure  for  past  weather. 


Ship  (Col.  25) 


# 


Prefix  used  to  identify  the  report  as  a  ship 
synoptic  report. 


•99LaLaLa  (Col.  26) 

1.  93  —  Indicator  used  to  indicate  ship 
report. 

2.  LaLaLa  —  Latitude  in  tens,  units,  and 
tenths  of  a  degree. 


Qc^Lo^Lo  (Col.  27) 

1.  y  —  Code  figure  for  the  quadrant  of 
the  globe. 

2.  L0L0L0L0  —  Longitude  in  hundreds, 
tens,  units,  and  tenths  of  a  degree. 


YVGGIyy  (Col.  28) 

1.  YY  —  Indicates  the  day  of  the  month 
using  two  figures. 

2,  GG  -  Indicates  the- time  of  the  day  no 
the  nearest  hour  (GMT)  using  two  figures. 

—  Code  figure  used  to  indicate  how 
and  in  what  units  the  wind  was  observed. 


Nddff  (CoL  29)  V  » 
:a*  1.    N  —  Amount  of  sky  coverage. 

2.    dd  —  Wind  direction  in  tens  of  degrees* 


3.    ff  -  Wind  speed  in  the  units  as  reported 


by  V 


PPPTT  (Col.  31) 

1.  PPP  —  Sea  level  pressure  in  tens, 
units,  and  tenths  of  millibars. 

2.  TT  -  Dry-bulb  temperature  in  tens  and 
units.  Reported  in  Celsius. 


NhCL^cMcH  <Co1-  M) 

1.  Nfc  —  Amount  of  sky  covered  by  low 
or  middle  type  clouds. 

2.  Cl  -  Code  figure  for  the  type  of  low 
cloud  observed. 

3.  h  —  Code  figure  for  the  height  of  the 
lowest  cloud  reported. 

4.  Cm  —  Code  figure  for  the  type  of  middle 
cloud  observed.  "  t.~ 

y 

5.  *  Ch  —  Code  figure  for  the  type  of  high 
cloud  observed*.  *  ■      fi  * , 


D  vtpp  (Col.  SlTvVfc/ 

*S  8     •  *  . 

1.  D8  —  Code  figure  for  the  direction  the 
ship  has  made  good  in  the  past  three  hours. 

2.  vs  Code  figure  for  the  speed  the  ship 
has  made  good  in  the  past  three  hours. 

3.  a  —  Code  figure  used  to  indicate  the 
tendency  of  the  pressure  during  the  past  three 
hours. 

4.  pp  -  Amount  of  pressure  change  during 
the  past  three  hours  reported  in  units  and  tenths 
of  millibars. 
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OTsTgTdTd"(Col.  34) 


ICE  (CoL  39) 


1.  0  —  Indicator  used  to  indicate  the  sea 
water  temperature  difference  and  the  dew  point 
group,  A 

TsTs     *a  water/air  temperature  dif- 
ference xeported  in  1/2-  degree  Celsius. 

3.  T^Td  —  Temperature  of  the  dew  point 
reported  to  the  nearest  whole  degree  Celsius, 


lTwTwTwtT  (Col.  35) 

1.  1  —  Indicator  used  to  indicate  the  sea 
water  temperature  group. 

2.  TWTWTW  —  Sea  water  temperature  to  the 
nearest  0.1  degree  Celsius. 

3.  tp  —  The  tenths  value  of  the  dry-bulb 
temperature. 

2IsEgEsRs     (Col.  36) 

1.    2  —  Indicator  for  ice  accretion  group. 

%2.    I8  —  Source  of  the  ice  accretion. 

3.  Es  Es  —  Thickness  of  the  ice  accretion 
in  centimeters. 

„    •  4.    Rg  —  Rate  of  ice  accretion. 
3PWPWHWHW  (Col.  37) 

1.  3  —  Indicator  of  the  wind  waves. 

2.  PWPW  —  Period  of  the  wind  waves  in 
seconds. 

3.  HWHW  —  Height  of  the  wind  waves  in 
increments  orl.5  feet. 

dwdwPwHwHw  (Col. 

1.  6wdfc~  Direction  from  which  the  swell 
is  comingjfn  tens  of  degrees. 

2.  /Pw  — ,  Code  figure  for  the  period  of  the 
swell. 

» 

3.  H^H^  —  Height  of  the  swell  in  incre- 
ments of  1.5  feet.. 


Indicator  used  only  when  ice  is  observed 
within  30  N.  M.  of  the  ship  at  the  time  of  obser- 
vation. 


c2KOire  (Col.  40)  left  Group 

1.  C2  —  Description  of  the  type  of/Tee* 

2.  K  —  Effects  of  the  ice  on  navigation. 

3.  Dt  —  Bearing  of  the  ice  edge  from  the 
point  of  observation. 

.4.    r  —  The  distance  from  the  observation 
point  to  thfe  ice  edge. 

5.    e  —  Orientation  of  the  ice  edge. 

CLIMVTOLOGICAL  DATA 

Columns  41  through  57  contain  information 
on  climatological  observations,  miscellaneous 
phenomena,  and  additional  coded  synoptic  data. 

DRY  (Col.  41) 

Enter  the  dry- bulb  temperature  to  the  nearest 
0.1  degree  Celsius. 

WET  (Col.  42) 

Enter  the  wet-bulb  temperature  to  the  nearest 
0.1  degree  Celsius. 

ICE  (Col.  43) 

EnteT  a  check  mark -if  the  bulb  of  the- wet- 
bulb  thermometer  is  covered  with  ice. 

Remarks,  Notes,  and 
Miscellaneous  Phenomena  <CoU  44) 

1.  Enter  the  time  of  the  sunrise  and  sunset 
(GMT). 

2.  Enter  additional  synoptic  code  groups. 
When  it  is  necessary  to  encode  additional  groups, 
plaqe  the  groups  in  this  column,  identified  by  the 
hour  code  figures  (GG),  in  parentheses,  of  the 
observation. 

3.  Other  pertinent  data  may  be  entered  in 
this  block,  such  as  the  method  used  to  obtain 
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Figure  6.—  Proper  entries  on  MF1-11. 


the  sea  water  temperature,  the  occurrence  of 
aurora,  etc. 


Weather  and  Obstructions  to 
Vision  (Cols.  45  through  51) 


Enter  the  times  of  beginning  and  ending  of 
ther  arid  obstructions  to  vision  to  the  nearest 
nute  using  the  weather  and  obstruction  to  vision 
symbols  used  in  column  8.  Enter  positions  to  the 
earest  whole  degree. 


Summary  of  the  Day* 

(Midnight  to  Midnight,  GMT)  (Cols.  52  through 57) 

Enter  the  data  specified  below  for  the  period 
midnight  to  midnight,  GMT,  Enter  estimated  wind 
data  if  recording  equipment  is  not  available, 

1.  Enter  £im^s  to  the  nearest  minute,  GMT, 

2.  Enter  positions  to  the  nearest  whole 
degree, 

3.  Enter  truiTwind  directions  to  the  nearest 
ten  degrees,  and  speed  in  knots, 

4.  Enter  the  lowest  pressure  in  tenths  of 
millibars. 


28 


162 


r 


-  METEOROLOGICAL  CODE&  AND  PtOTTING 


ERIC 


Codes  are  the  lifeblpod  of  meteorological , 
work;  wUhbut  them  there  could  not  be  a  systedT 
of  observing* and  disseminating  weather  informa- 
tion as  it  exists,  Codes  permit  the  translation  ' 
of  a  wealth  of  meteorological  weather  infor-  s 
mation  into  concise  and  comprehensive  reports 
Consisting  entirely  of  numbers.  Moreover,  codes 
break  the  language  barrier  and  make  possible 
international  cooperation  in  the  area  of  meteor-  , 
ology  and  iU  associated  services. 

Codes  are  'also  the  elements  with  which 
MST's  come  in  .daily  contact.  A  great  respon- 
sibility is  placed  upon  you  when  entrusted  to 
encode  or  decode  meteorological  information. 
You  can,  and  should,  «  shoulder  this  respon- 
sibility by  learning  and  knowing  the  meteorological 
.codes  well* 

This  section  deals  with  the  general  form  of 
various  meteorological  codes.  It  does  not  giv.e 
detailed  explanation  of  the  specific  elements, 
or  instructions  for  encoding  them  and  decoding 


them,  except  jn  a  gene: 
knowledge,  see  the  app: 
and  Radio  Weather  Aids? 


However,  the  information 
sufficient  to*  give  you  a  knowledge  of  the 
that  enable  you  to  encode  or  decode  t] 
important  and  most  widely  u: 
information. 


form*  For  detailed 
>riate  cojJermanuals 
118, 

presented  tfere  is 
'es 
t 

cal 


CODE  SYSTEMS  INFORMATK 


Before  launching  into  a  disdussionoi&pecific 
codes*  let  us  examine  the  structure  of  meteor- 
ological codes.  ■  First,  they  Jre  numbered  ac- 
cording to  a  system.  SecondJthe  symbolic  let- 
ters and  numbers  used  in  the  codes* axe  also 
systematized.  This  alorfe  mikes  the  learning  of 
codes  easier  and  facilitates  referencing  and 
checking.  Third,  the  ^position  of  the  code 
is  of  vital  importance  in  the  code.  With-  . 
out  a'$equence,  it  would  ^ftpi possible  to  decode 


a  particular  message.  ^Fourth, .  the  groups  are 
arranged  so  that  they  are  bott}  eyasily  decoded 
and  plotted.  However,  they  are  also  arranged 
so  that.it  is  still  possible  to  use  the  report 
and  decode  the  remaining  t  groups  if  and  when 
a.  particular  group  (or  portions  of  a  group) 
is  missing,  from  the  message.  For  instance, 
a  wind  group  in  the  radiosonde  code,  has  cer- 
tain characteristic  entries  inherent  to  it,  and 
it  is,  difficult  to  confuse  such  a  group  with 
a  height /  temperature  group.  ,  This  "feature 
becomes  clearly  evident^  as  experience  is 
gained. 


FM  CODE  NUMBERING  SYSTEM 

•  Each  code  form  bears-  a  number,  preceded 
by  the  letters  FM.  This  number  is  followed  by 
a  letter  .that  identifies  when 'the  cod^e  form 
was,,  modified  or  introduced— *  A,  B,  C,  or  D 
for  the  1953,  1958,  1962,  or  1966  session, 
respectively; 

^  This  numbering  enables  the  code  forms  to 
Jbe  distinguished  from  one  another  and  from 
the  code  tables,  which  are  numbered  with  a 
simple  4- figure  number. 

Furthermore,  an  indicator  term  is  used  to 
designate  the  code  form  colloquially  and  is. 
therefore  called  "code  name*"  In  mcptvcases, 
this  code  name  is  included  as  a  symbolic  prefix 
in  "the  code  formy  and  during  transmission  en- 
sures ready  identification  of  the  type  of  report 
(e.g.,  SHIP,  TAF,  etc.). 

In  collective  messages,  certain  code  names 
may  be  given  only  at  the  begiiining  of  tfie  section 
which  contains  appropriate  reports,  and  they  are 
not  repeated  for  every  individual  Report. 

Shown  in  the  following  list  are  the  appro- 
priate "code*  names,"  along  with  an  explanation 
of  %  the  contents  of  the  code  and  its  FM  code 
number.  ' 


ABTOP- 

AERO 

ARFOR 
BBBBB 


CAVOK 

CLIMATE 

*,  CLIMAT  SHIP 

*  CLIMAT  TEMP 

CLIMAT  TEMP 
SHIP  - 

CLINP 
CLISA 
CODAR 


FIFOR 
IAC 

IAC  FLEET 


ICE 
ICING' 


INCLX 


.Summary  of  upper  air  .report, 
In  abridf  edform  (FM  38#B). 
Aviation  routine  weather  re- 
port (FM  12..C). 
.  Area  Forecast  (FM  53.  B). 

Selected  special  weather  re- 
.   port  (sudden  changes)  for 
improvement  in  weather 
conditions  from  land  station 
(FM13.A). 

Word  replacing  the 'visibili- 
.  ity,  present  weather,  and 
cloud  data  when  th*  speci- 
fic conditions  occur  (FM 

4 15.D,  FM  1C.D), 

Report  of  monthly  means 
from  land  station  (FM 
71. D). 

Report  of  monthly  means 
from  ocean  weather  station 
(FM  72.D). 

'Report  of  monthly  serologi- 
cal means  ,  from  land  station 
(FM  75.D). 

Report  of  monthfy- serologi- 
cal means  from  ocean 
weather  station  (FM  76.D). 

Report  of  monthly  means  for 
the  oceanic  area  of  the 
North  Pacific  (FM  73).  * 

^Report  of  monthly  means  for 
the  oceanic  area  of  the 
South  Atlantic  (FWt  73). 

Upper-air  report  from  air- 
craft (other  than  weather 
reconnaissance  aircraft) 
(FM  41.D). 

Flij^t  forecast  (FM  55.D). 

Analysis  in  International 
Analysis  Code  (FM  45.D). 

Analysis  in  abbreviated 
form  of  the  International 
Analysis  Code,  for  marine 
use  (FJvMC.D).. 

Prefix  of  the  ice  group  (FM 

■  21. D,  TM  22.D,  FM  23.D). 

Prefix  of  ice  accretion  on 
ships  when  reported  in 
plain  language  (FM  21.D, 
FM  22<D,  FM  £3.D). 

Report  Of  monthly  means  for 
the  oceanic  area  of  the 
Indian  Ocean  (FM  73). 


MAFOR 
&MMMM 

MONT 
NACLI 


NEPH 
NORMAL 

PILOT 

PILOT  SHIP  ' 
PROAR . 

PROFI 

PRORO 

ROCOB 

ROCOB  SHIP 

ROFOR 
*AZI 


'  SFAZll 
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Ends  an  upper  level  tempera- 
ture and  wind  (possibly  air 
density)  report  from  a  land 
rocketsonde  station  ^rfrojn 
a  rocketsonde  station  on  a 
ship  (FM  39.C,  FM  40.C). 

Forecast  for  -  shipping.  (FM 
61.D). 

Selected  special  weather  re- 
port (sudden  changes)  for 
deterioration  of  weather 
conditions  from  land  sta- 
tion (FM  13.A). 

Cloud  report  from  lqjid  sta- 
tion (FM  17). 

Report  of  monthly  means  for 
the  oceanic  area  of  the 
North  Atlantic  (FM  73). 

Report  of  nephoscopic  ob- 
servation (FM  31). 

Prefix  of  groups  giving  nor- 
mal values  of  the  elements 
in  a  CLIMAT  W  CLIMAT 
SHIP  report  (FM  71.  D*  FM 
7£.D). 

Ujpper  wind  report  from  land 

station  (FM  32.D). 
Upper  wind  report  from  ship 
"  (FM  33.D). 

Area^tarecast  for  aviation 
(heigfit  indication  in  pres- 
sure units)  (FM  56.D).  £ 

Flight  forecast  for  aviation  .  . 
(height  indication  in  pres- 
sure units),  (FM  58.D). 

Route  forecast  for  aviation 
(height  indication  in  pres- 
sure units)  (FM  57.D). 

Upper  level  temperature  and 
wind  (possibly  air.  density)  v 
report   from  rocketsonde 
station  (FM  39.C)! 

Upper  level  temperature  and 
wind  (possibly  air  density), 
report  from  rocketsonde 
station  on  ship^TFM  40.  C). 

Route  -forecast  for  aviation 
(FM54.D). 

Synoptic  report  of 
f  ^herics     bearings  1 
81.A). 

^Detailed  report  of  tf 
tribution  of  ztmoi 
by  bearings  of  the 
ing  24  hours  (FA 
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Surfaca 
•asafvatiansV 


.from  land 


1rtm  ship 


UpptcaiV 
tSaarvatiant' 


Analysis 
•nd  prstjnaaJs 


Aaranstftlcal, 
fsracaat 


MarWma 
ftracaat 


SpaciaJ 

Infsrmation 


FM  SYSTEM  OF  CODE  FORMS  ^  . 

  FM11.C 

nstitnaJ,  —  -routlns  '    FM  12.C 

niMWoniuticii  ;      ~  .  ►•usJs'an  chsngss   FM  13.A 

for   FM  15  0 

'  salad*  s padaJ   FMU.fjr 

clous'  frsm  tans'  station   FM  f? 

fu»  form  ,  .  .  FM21.0 

sasrsYtaJstf  fsrm  .    FM22.D 

rtduetrf  ftrm   .   fm  tt.D 

sp+clai  raport  *  FM25.D 

nsphoscsplc  

of   IH                    "       ~ffow  ,M* '  '  '  FM»«? 

T       —from  in  station   FM33.0 

of  prsssurs,  ttfflMfitiirt,^^  ^f™-«  Untf   FM3S.0 

hymitHty  sna*  wins'        "^^-^from  in  station   FM3I.0 

iumm*ry   •  FM3S.0 

af  tamparaturs  and  mini        _lfrom  Un4    FM  3t.C 

<pMiltya/ra^s«y),ayrsc**^frfm  sM,   \  .  .  .  FM40.C 

from  aircraft  „   FM  41.0 

fwUfsrm  \  .  .  .V   FM45.D* 

aasrsvlattt'  form   FM44.D 

ftf  aar saVsma  \   FM  51 .0 

tfsa  .  .     .  .  ^     FM53.0 

/outs   ■  .  .  FM  14.0 

for  trot,  rtuto,^^ — flight  .   FM55.0 

fl!«w            ^55=^T"  srsa  (htight  Indication  la  prsssurs  units).  .  .  FM  M.I> 

rbirts  (hslght  Ingestion  In  prsssurs  units)  FM  57.0  • 

fllpht  (hslght  Indlcatisn  In  prsssurs  units)  .  FM  11.0 

for  msrftlms  srsa-   for  surftcs     FMI1.0 

°    ,   *                        land  station   FM71.0 

for  surftcs            .octsn  wssthsr  ttstlsn  f|M  73.0 

monthly  moans  <^                      -        ^^">-ocs«nlc  srsa   FM  73 

.        .  —  Isnd  station   FM7S.0 

•Qpp*r*s  r  -^^z 

ocssn  wssthsr  station  FM.75.0 

bssrlngs,   FM  11.  A 

atmospnsrfca  rapart   |ta graphical  Iscatian   FM  a**A 

soarings  summary   FM  MA 


Figure  7.  — FM  system  of  code' forma. 


SFLOC  Synoptic  report  of  atmos- 

pherics geographical  lo- 
cation. (FM82.A). 
SHIP  Surface   report  from  ship 

(FM  21.D,  FM  22.D).' 
SHRED  Surface   report  from  ship 

in  reduced  form  (FM23.D). 
SPCLI  Report  of  monthly  means  for 

„       -       the  oceanic  area  of.  the 
.  #    South  Pacific  (FM  73). 

SPESH  Special  weather  report  from 

ship  (FM  26. D). 
s  SYNOP        '        Surface   report  *  from  land 
station  (FMU.C). 

TAF  Aerodrome    forecast  (FM 

51-.D). 

TEMP  *   Upper  level  pressure,  tem- 

perature, humidity,  and 
Wind  report  from  land  sta- 
"     tipn  (FM  35.D). 

TEMP  SHIP  *  Upper  level  pressure,  tem- 
perature, humidity,  and 
wind  report  from  ship  (FM 
36.D): 

WATEN  Prefix  of  waves  group,  when 

tendency  is  reported  (FM 
ll.C/FM  13.A). 

Figure  7  graphically  illustrates  the  FM 
system  of  code  forms,  showing  the  various 
observations,  forecasts,  analyses,  and  special 
information  code  forms  available. 


SYMBOLIC  FIGURE  GROUPS 


Symbolic  figure  groups  serve  essentially 
the  same  purpose  as  the  symbolic  word  and 
letter  groups.  They  identify  certain  informa- 
tion at  the  beginning  V  a  code  form,  within 
a  code  form,  br  at  the  end  of  a  code  form. 

10001  Analysis  message  follows  (FM  45.  D, 
FM  46.D). 

11111     Data  on  the  position  of  the  jet  core 
and  the  jWind  to  be*  encountered  in 
the  jet  core  (FM  53.D,  FM-  54.D,. 
9  FM  55.D,  FM  56-.D,  FM  57.D,  FM 
58.D).. 

11133  Correction  message  to  an  analysis 
or  prognosis  message  follows  (FM 
45.DrTM  4«.D). 


19191  Ends  ^an  .  analysis  or  prognosis  mes- 
sage* •*or  a  correction  to  an  anal- 

-  ysis  or  pVognosis  messagfe  (FM45.D, 
FM  46.DV. 

21212     Indicates   that*  data   for  significant 
levels  Tyith  respect  to  wind  follow 
1        (FM  32.D,  FM  33.D,  FM  35.D,  FM 
36.D). 

22222     Indicates  that  forecast  maximum  wind 
'  data  and/or  forecast  vertical  wind 
shear  follow  (FM  53.  D,  FM  54.  D,  FM 
55.D,  FM  56.D,  FM  57.D,  FM  58.D). 

31313  Indicates  that  data  for  250  mb  sur- 
face follow  (FM  35.D,  FM  36.D). 

33300   *  Indicate  that  position  groups  are  given 
in  the  form  LaLaLoLo*  Instead  of  the 
333U       form  QLaL^Lfc  .indicated  in  ^the 
.  code  form  (any*one  of  Jhese  symbolic 
33322    .  groups  being  inserted  instead  of  the 
*~  •  group  33388)  (FM  48.D). 

41414  Indicates  that  cloud  information  fol- 
lows (FM  35.  D,  FM36.D).'  < 

44777  Ends  the  vocabulary  section  (FM  45.  D, 
TM  46. D>.  '      1  • 

51515  Indicates  that  additional  data  in 
regional  code  follow  (FM  35.  D,  FM 
36.D). 

65556     Prognosis  message  follows  (FM  45. D, 

.  -    FM  46.D). 
66600    Indicates  that  atmospherics  are  lo- 
cated by  means  of  cathode -ray  direc- 
;  tiori  finder  (CRDF)  (FM~82.A)."  *  •  * 

66655  Indicates  that  atmospherics  are  lo- 
cated by  mdans  of '  narrow- sector 

-  direction  finder  (FM  82.A). 

77744    ^Vocabulary  section  follows  (FM  45.D, 
•  TM  46.D). 

77999  Specifies  that  ,  maximum  wind  was  not 
observed  or  was  not  transmitted  (FM 
32.D,  FM  33.D,  FM  35.D,  FM  36.D). 

88800  Wave  or  sea  temperature  follows  (FM 
45.D,  FM  46.D). 

88822  Vertical  -  wind  Shear  follows  (FM 
45.D). 

99900  Analysis  or  prognosis*  of  pressure 
systems  or  topt>graphy  systems  fol- 
lows (FM  45.D,  FM  46. D). 

99911  Artalysis  or  prognosis*  of  frontal  sys- 
tems 'follows  (FM  45.D,  FM  46.D). 
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W922  Analysis  or  prognosis'*  of  isopleths 
follows  (FM  45.D,  FM  46.D). 

99933  Analysis  or  prognosis'*  of  air  mass 
follows  (FM  45.D,  FM  4«.D). 

99944  Analysis  .  or  prognosis*  of  weather 
area  follows  (FM  45.D,  FM  46.0). 

99955  Analysis  or  prognosis*  of  the  tropi- 
cal section  of  the  message  follows 
(FM  45,D,  FM  46.D). 

9906J5  Analysis  or  .prognosis*  of  the  cloud 
follows  (FM  45.0). 

99977  Analysis  or  prognosis*  of  the  upper 
wind  follows  (FM  45.  D). 

99988  Analysis  or  prognosis*  of  the  jet* 
stream  follows  (FM  45.D), 

99999     Analysis  or  prognosis*  of  the  trop- 
•    -    opause  follows  (FM  45.  D). 


•Preceding  group  10001  or  65558 speci-^  \ 
fles  whether  an  analysis  or  prog- 
noils  follows. 


SYMBOLIC  LETTERS 
SPECIFICATIONS  * 

Meteorological  codes  are  composedof  groups 
of  symbolic  letters  arranged  in  a  specific  se- 
quence. Each  letter  (or  group  of  letters)  has  a 
meaning  within  the  group,  and  each  group  has  a 
meaning;,within  the  code.  For  the  most  part, 
coding  and  decoding  are  a  matter  of  substituting 
the  correct  values  for  the  symbolic  letters.  This 
is  usually  done  with  the  meteorological  clde 
tables.  •  •  •  * 

 _Tae. .  symbolic. .  letters .  are  -not-arbiirarHy  - 

chosen;  they  have  a  pattern  This  helps  in 
studying  them,  and  aids  in  using  the  codes 

,  correctly,   fyr  instance,  the  letters  TT  al- 
ways* stand  for  temperature.  Then,  bo,  the 
TT  may  be  combined  with  other  letters  in  sub- 
scripts and  thus  form  new  meanings,  but  theses 
meanings*  still  are  based  on  temperature.  i^>r 
instance,  TdT^  stands  for  the  dew-point,  tem- 
perature, and  TtTt  represents  the  air  temperature, 
in* 'whole  -degrees  Celsius,  at  the  tropopause 
level.  There  are  occasional  exceptions  to  this 
generalization,  but  these  exceptions  do  not  inval- 
idate#  the  general  rule.  Similarly,  PPP  stands 
for  ^pressure;  hhh  stands  for  height;  GG  stands 
for  time;  etc.  It  rerftains  therefore  only  for  you  \ 
to  learn  the-  specifics  of  each  symbolic  letter. 
When  you  encounter  a  symbolic  form  of  a  code 
that  is  new,  you  will  nof  be  puzzled  as  to  the 
generaJrmeaning  of  the  symbols  used. 


A  few  excerpts  from  the  specifications  of 
symbolic  letters  or  groups  pi  letters  as  they 
are  used  in  the  international  meteorological 
codes  are  shown  in  figure  8.  For  the  complete 
.listing*  see  tf.O.  Pub.  No.  118  or  the  appropriate 
code  manual. 

WMO  REGIONS 

Meteorological  codes  are  international  in 
scope  and  use.  Basically,  all  the  codes  are  the 
same  the  world  over.  They  have  been  devised 
and  agreed  upon  by  the  World  Meteorological  - 
Organization  JWMO).  This  organization  is  an 
affiliate  of  the  United  Nations,  and  its  function  is 
primarily  to  coordinate  meteorological  matters 
between  the  members.  * 

Much  standardization  in  meteorological  mat- 
ters—including  meteorological  codes— has  been 
achieved.  However,  there  are  some  regional  or 
national  exceptions  to  the  general  rules,  For 
this  reason,  meteorological  codes  are  defined  in 
terms  of  the  WMO  regions.  Within  the  six*5VMO 
regions  there  are,  inaddition,  national  differences. 
The  WMO  regions  are  as  follows: 

WMO  Region  I- Africa. 

WMO  Region  II—  Asia.  ' 

WMO  Region- Ill-South  America. 

WMO  Region  IV— North  and  Centeral  America. 

WMO  Region  V  -  Southwest  Pacific. 

WMO  Region  VI- Europe. 

PRIMARY  METEOROLOGICAL  CODES 


There  Is  only  one  way  to  learn  meteorological 
codes,  and  that  is  to  sit  down  with  the  symbolic 
form  and  the  specifications  for  the  symbols  and 
STUDY  TIfEM.  Several  different  approaches  could 
be  used  to  learn  the  codes  as  well  as  to  teach 
them.  This  training  course  cannot  teach  all  the 
details  of  all  the  codes;  that  would  be  an  under- 
taking too  large  tot  the  purpose  of  this  training 
course.  Further,  the  codes  are  subject  to  change, 
(  and  this  puts  a  limitation  on  what  this  training 
bourse  can  offer.  Therefore,  a  suggested  method 
of  study  is  offeree!  here.  First,  write  down  on  a 
separate  sheet  of  paper  the  symbolic  form  of  the 
code  being  studied.  This  helps  because  writing 
♦something  out  helps  to  remember  it.  Then,  refer 
to  the  symbolic  letters  specifications  in  the 
applicable  code  manual  or  in  N.O.  Pub.  No.  118 
and  Jot  down  the  specifications  for  all  the  symbols 
appearing  in  the  symbolic  form  of  the  code  being 
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s    Indicator  yaad  to  apaclfy  tha  hiiMigrHi,  If  any,  to  ba  addad  to  UU  and 
UU  at  gfvan  Jntha  aroup'UUUUk*  (Coda  2200) 
•      (FM4S.D,  mMSk.flfilAl  ' 

Tafltha \of  a  dagrta  of  latltuda.  ^\  1 
.    .(FM45.D,  FM  41. D)  1 


#)  SMNoUWundarFM45.D.Notaf(9)undafFM4B.Dandffo1t(3)undarxi«i.        \    ~'t~  *  J&Zrnt?>  *r 

U*        Tantha  of  a  dagraa  of  longltuda.      •       '  I  »»  '        '    *  1 

(FM  45.0,  FM  41,0)  -  -  *< 

1  (1)  Saa  Nota  (6)  undar  FM45.D,  Nota  (9)  undar  FM  44.0  and  Nota  (3)  undar  *  - 

* 

UU       Latltuda  In  whola  dagraaa. 

(FM  45. Dr  FM45.D>  FM  53. D,  FM  54. D,  FM  55.0,  FM5«.D,  FM  57.0, 

FM.59,0,  FM  82. A)  £  -  * 

UU       Longltuda  In  whola  tiagraaa.  ' 
'   (FM45.D,  FM  44.D,  FM53.D,  FM  54. D,  FM  55.D,  FM  56.0,  FM  57.0. 
FM  5«.D,  FM  82. A) 

'  (1)  Tha  hundrada  digit  )a  omtttad  for  fongltudaa  100*  to  110*.  * 


UU  ) 

,  #  /  Latltuda  paralial,  in  whola  dagraaa,  along  which  praaaura  valuaa  ara  glvah. 
L  iL  •  I        (FM  73) 

(1)  Saa  notaa  undar  P\Pu  PaPj.  ....  PJP?.  PiPT.  ... 


U  U 
L'QL'a 


Maridlan,  Jrt  whola  dagraaa,  to  whlcli,tha.  fl»t:glyan_  p/aaaura'XSP?,  ?{?[,  . 

PfPf,  ...)  rafara. 

CfM73)    _ 

(1)  Saa  notaa  undar  P1P1,  PaPj,        PJP{,  PJPJ,  ... 


UUU     Latltuda  In  tantha  of  a  dagraa. 

(FM21.D,  FM22.D.  FM23.D,  FM^.D,  FM33.0,  FM  36.D,  FM  3I.D, 
'  FM  40.C,  FM  41. D,  FM  72.D,  FM  7«.D) 

(1)  Tantha  ara  obtalnad  by  dividing  tha  numbar  of  mlnutaa  by  0,  diaragarding 
tha  ramalndar.  * 


UUU    Longltuda, In  tantha  of  a  dagxaa, 

(FM40.C)  * 

(1)  Tha  hundrada  digit  la  omlttad  for  longltudaa  100*  to  180*. 

(2)  Saa  Nota  (1)  undar  CyUU*  s 


la  (1)  undar  UL 


Figure  8. 
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studied.  Again,  writing  these  specifications  out 
will  helR  you  remember  them  better.  Now  you 
are  ready  to  drill  a  few  times  on  the  code  ar 
the  specifications. 


You  hav*  already  seen  the  pattern  of  the 
codea,  and  have  also  seen  that  most  of  the  co6e 
forms  using  identical  symbolic  letters  or  groups 
of  letters  have  identical  criteria  for  them.  Thus, 
when  dd  is  used  in  FM  11. C,  21.D,  or  51.D,  it 
always  me£ns  the  same  thing.  This  makes  it 
easier  to/use  and  to  learn  the  codes,  as  you  will 
discover-dyrjng  your  progress  of  study  of  meteor- 
ological codes. 


The  following  coverage  on  codes  is  limited 
to, the  Symbolic  code  forin,  significant  differ-* 
ences  beu^en  the  various  codes,  and  a  neces- 
sarily brief  description  of  a  few  of  the  symbolic 
letters  and  figures.  For  a  complete  listing  of  the 
specifications  for  these  letters  and  figures,  refer 
,  to  the  applicable  code  manual  or  N.O.  Pub.  118* 


LAND  SYNOPTIC  COpE 
(FM  11. C) 

,  The  word  "synoptic"  means,  in  general,  per- 
taining4  to  or  affording  an  overall  view.  Synoptic 
observations  are  periodic  (3-hourly  or  6rhourly) 
observations  which  describe  the  overall  weather 
conditions  existing  at  the  observing  stations.  The 
"implication" Here  Is^thaT^lfiey ™ are" complete 
weather  observations.  The  synoptic  code,  there- 
fore, *  is  a  code  by  which  synoptic  weather  ob- 
servations are  communicated.  Synoptic  weather 
observations  gre,  in  turn,  plotted  on  synoptic 
charts  and  then  analyzed.  The  result  is  that  a 
synoptic  analysis  or  an  overall  view  of  the 
weather  .is  obtained. 


Synoptic  observations  are  taken  at  periodic 
intervals  worldwide*.'  Since  the  intervals  coincide- 
that  is,  since  they  are  taken  at  the  same  time 
•  all  over  the  world— the  plotted  and  analyzed 
synoptic  charts  afford  a  "snapshot"  *of  the 
weather  situa  ion  at  that  tinje  worldwide. 

.  J  The  symbolic  form  tif  message  used  by  land 
stations  for  synoptic  reports  (SYNOP,  FM  ll.C) 
is  as  follows:  - 


(SYNOP) 

(ID  iii  Nddff  VVwwW  PPPTT 

NhCLhCMCH  WaVp  ("PPP) 
(7RRjj)  (8NsChshg)  (9SpSpSpSp) 


s 


The  first  six  (occasionally  seven  under.speci- 
fied  conditions)  groups  of  the  form  of  the  message 
are  mandatory  or  universal  groups,  as  they  are 
invariably  included  in  the  report.  If  datum  is  not 
available  for  an  element  in  these  groups,  the 
appropriate  missing  datum  indicator  is  included 
in  lieu  of  the  coded  datum.  Synoptic  reports 
included  in  collectives  used  for  international 
exchange  purposes  normally  contain  as  a  mini- 
mum these  first  six  (or  seven)  groups. 

The  code  name  SYNOP  may  prefix  the  report, 
indicating  that  it  is  a  surface  report  from  a  land 
station;  but  in  the  case  of  a  group  of  such  re- 
ports, it  may  be  used  only  in  the  heading  of  the 
collective.  ^ 

Elements  or  groups  enclosed  in  parentheses 
aye  dropout  items  and  may  or  may  not  be  in- 
cluded in  the  report,  depending  on  the  following 
specified  conditions: 

1.  (II) iii — When  individual  reports  are  iden- 
tified by  the  station  number  iii  and  all  reports 
in  a  collective  message  have th|L  same,  blocks 

"number  II,  a  group  999 ILis  added  immediately 
before  the  group  iii  of  the  first  report  of  the 
message.  When  any  following  report  or  group 
of  reports^originates  from  station  (s)  with  block 
number  not  identical  with  the  preceding  block 
number,  a  new  group  shn  is  given  immediately 
before  such  a,  repaxt^or  group  of  reports.  The 
group  999II  is  not  repeated  at  the  end  of  the 
grpup  of  reports  to  which  it  pertains  in  collec- 
tives for  ground-to-air  transmissions;  and  while 
it  may  be  repeated  at  the  end  of  groups  of  re- 
ports for  ground-to-ground  transmissions,  care 

•  should  be  taken  to  ensure  that  such  repetition 
does  not  lead  to  confusion.  However,  when  the 
individual  reports  are  identified  by  the  index 
number  Hiii,  it  is  not  necessary  to  use  the  999II 
group  in  Collective  messages. 
♦ 

2.    <7RRjj)-The  use  of  this  group  is  fixed 
regionally. 
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3.  (SNgCh^hg)— The  inclusion  of  this  group 
is  fixed,  regionally  or  nationally.  The  8NsCh^h- 
grpup  may  be  repeated  to  report  a  number  of 
layers  of  clouds.  The  order  of  reporting  the 
groups  is  always  from  low" -to  high  levels.  Thev 
selection  of  layers  to  be  reported  is  made  in  the 
following  manner: 

a.  Regardless  of  amount,  the  lowestin- 
.  dividual  layer  or  mass  is  reported.  This  is  one 

group. 

b.  The  next  8-group  to  be  reported  is 
the  next  higher  layer  of  clouds  covering0.4of  the 
sky. 

c.  The  next  8-group  to  be  reported  is  the 
next  higher  layer  of  cloudscovering0.6ofthe  sky. 

i,  The  next  8-group  to  be  reported  is  a 
group  for  cumulonimbus  ^only.  This  group  is 
reported  when  the  cumulonimbus  amounts  do  not 
meet  the  specifications  laid  down  for  the  first 
three  groups. 

« 

The  normal  number  of  8- groups  does  not  ex- 
ceed three.  It  may,  however,  be  four  in  cases 
in  which  cumulonimbus  clouds  #are  reported. 
When  the  sky  is  clear,  the  8-group  is  .omitted; 
when  the  sky  is  obscured,  the  8-group  should 
read  9/hghg,  where  hghg  is  the  vertical  visi- 
bility. 


4r--(9SpS1 
^fixed  regionally 


*pS^Sp)  —  The  use  of  this  group  is 


The  following  additional' groups,  comprising 
an  indicator  figure  and/or  the  following  informa-r 
tion,  may  bo  added  to  the  SYNOP  form: 

1.  Coastal  stations  andlight  vessels  may  add 
in  their  reports  the  wave  groups  3PWPW\HW 
(a^d  P^VV*  in  accordance  with  national,  or 
regional  instructions.  Coastal  stations  desiring 
to  report  tendency  of  the  waves  replace  the 
above  wave  groups  with  WAT  EN  OwPwPw-HwHw. 
*  *  # 

2;  Additional  or  supplementary  groups  with 
the  indicator  figures  1,  2,  4,  and  5  may.be  added 
to  the  SYNOP^form.  The  form  and  the  usewbf 
these  groups  are  fixed  regionally. 

3.    High-level  stations  may  use  the  group 
6a3hhh  to  indicate  the  geopotential  of 'an 'agreed 
.standard  "constant  pressure  level." 


4*  Under  special  pressure  tendency  condi- 
tions, a  group  of  the  form  99ppp  is  inserted  in 
the  report  after  the  TdTdJajpjp  group. 

5.  One  or  more  of  the  following  words 
should  be  added  at  the  end  of  the  report  when  the 
weather  conditions  specified  for  each  of  them 
justify  their  inclusion: 

a.  HAIL.— When  a  shower  or  ^thunder- 
storm, accompanied  by  hail,  occurs  in  the  period 
covered  by  ww. 

b.  PAST  HAIL.— When  a  shower  or  a* 
thunderstorm,  accompanied  by  hail,  occurred 
in  the  period  covered  by  W. 

c.  SN(J>W  or  SLEET;— When  a  snow 
shower  or  a  shower  of  rain  and  snow  mixed,  with 
a  temperature  above  0*  C,  has  been  observed 
durinjTthe  period  covered  by  W. 

d.  SANDSTORM.-When  a  sandstorm, 
with  a  temperature  below  0#  C,  has  been  observed 
during  the  period  covered  by  W. 

e.  COTRA.-When  the  cloud  reported 
consists  in  whole  or  in  part  of  condensation 
trails. 

S<  In  reports  from  aeronautical  stSittons 
using  FM  11. C  instead  of  FM  12.C,  appropriate 
Q  signals  or  pl|in  language  may  be  added  at  the 
end  of  the  report  when  the  horizontal  visibility 
differs  in  different  directions  and  when  it  is 
desired  to  report  this, 

SHIP  SYNOPTIC  CODE  (FM  21.D)  V 

The  ship  synoptic  code,  FM  21.D,  full  form 
is  the  basic  ship  synoptic  code  in  use  by  U.S. 
ships.  The  content's  of  the  code  are  very  similar 
to  those  of  the  land  station  synoptic  code;  the 
only  differences  are  those  in  reporting  position, 
time,  afrd  certain  information  relating  tol5ie  sea. 
The  symbolic  form  of  the  ship  synoptic  code, 
full  form\  is  as  follows: 

SHIP      99LaLaLa  Q^^L^  YYGGiw 

NddffWwwW  PPPTT 

N.CThC.,C„  D  v  app 
h  L    M  H    s  s  9 

(7RKjj)  (8NgChghg)  "  ,  ^ 


***    .    (9S  S  ans  )  (OT  T  T  TJ 

(IT  T  T  L),(2I  E  E  R  ) 
?  w  w  wt  A  3  s  s  s9 

(3P  P  H  H  )  (d  d  P  H  H  J 
w  w  w  w7  *  w  w  w  w 

ICE  followed  by  plain  language  or  by 
(c2KD{re) 

The  code  xmni  SHIP  is  used  'as  a  prefix  to 
the  report,  indicating,  that  it  is  a  surface  report 
from  a  ship;  but  in  the  case  of  a  group  of  such 
reports,  it  should  be  used  only  in  the  heading  of 
the  collective. 

The  form  FM  21. D  is  considered  suitable 
not  only  for  selected  ships,  but  also  for  ocean 
♦weather  stations. 

If  the  group  Dsvgapp  is  not  reported,  30  is 
added  to  the  time  of  observation  in  whole  hours 
GMT  (example:  actual  time  of  observation  0550 
GMT;  GG  »  06  +  30  «  36).  If  the  groups 
NhCLhCMcH  and  Dgvgapp  are  not  reported,  60 
is  added  to  the  time  of  observation  .in  whole 
hours  GMT  (example:  actual  time  of  observa- 
tion 1145  GMT;  GG  «  12  +  60  *  72).  However, 
in  accordance  with  instructions  or  ' because  of 
failure  of  instruments,  ships  which  do  not  re- 
port the  group  Dgvgapp  include  a  group  D  vg/// 
in  the  ship  report  when  in  an  area  where  tie  ship 
report  collecting  center  (in  order  to  meet  a 
requirement  of  a  search  "and  rescue-center)  has 
requested  this  inclusion  as  a  routine  procedure. 

Groups  in  parentheses  are  dropout  items, 
and  they  njay  or  may  not  be  included  in  the  re- 
port, depending  on  specified  conditions.  These 
groups,  being  provided  with  an  indicator  figure, 
may  b*  repeated  as  necessary  in  the  following 
manner:  ' 

7RRjj-For  lightships  reporting  in  the  SHIP 
code*  form  and  for  oceAn  weather  stations,  the 
use  of  this  group  is  fixed  regipnally  or  nationally. 
In  the  caserof  mobile  ship  stations,  which  make 
precipitation  ^observations,  the  gx50p*  7RRjj  is 
added  to  e^cfrSHIP  report  under  the  form  7RRtRtR. 

8NgChsns— This  cloud  group  is  optional  for 
merchant  ships  but  mandatory  for  ocean  weather 
stations,  WVheiv  /the  8-group  is  included  m  a 
SHIP  report,  th£  rules  ,  for  th&  use  of*  the  8- 
group  in  5YNOP  code  'FM  11. C  apply. 


9SpSps  s  — This  group  is  normally  nit  re- 
ported in  ship  reports,  other  than  ocean  weather 
stations.  Casfes  may  occur  in  which  reports  of 
special  phenomena  would  justify  inclusion  in 
SHIP  reports  of  ships  other  than  ocean  weather 
stations.  As  these  cases  are  very  rare,  these 
reports  should  be  sent  in  plain  language. 

°TgTgTdTd— This  group  may  or  may  not  be 
included  in  the  report  in  accordance  with  na- 
tional instructions. 

1TwTwTwtT~This  group  is  optional  for 
merchant  ships  but  mandatory  for  Navy  ships, 

3^wpwHw^(^^pwHwHw)-~These  groups 
should  be  included  in  the  report.  They  are 
mandatory  for  Navy  ships.  The  group 
3PwpwHwHw  is  to  be  used  to  report  wind  waves. 
When  swell  can  be  distinguished  from  wind 
waves,  the  swell  should  be  reported  by  the 
group  dwdwPwHwHw,  and  this  group  should  be 
repeated  to  report  a  second  swell  system,  if 
such  can  be  distinguished.  If  there  is  a  swell 
with  no  wind  waves,  the  first  group  is  to  be  re-, 
ported  as  30000, 

ICE  o2KDire~  Reporting  ships,  from  which 
ice.  other  than  icebergs- is  visible  or  has  been 
observed  at  a  point  within  a  distance  of  30 
nautical  miles  from  the  ship's  position  at  the 
synoptic  hour,  should  add  to  the  SHIP  report 
the  word  IQE  followed*by  the  group  (c2KDire) 
or  by  plain  language.  Ice  information  for  other 
special  purposes  may  be  given  by  means  of  the 
special,  ice  code^  inthe  codes  section.  Reporting 
of  geg*  ice  in  SHIP  reports  is  not  to  supersede 
the  reporting  of  sea  iceand  icebergs  inaOcoTdance 
witfi  the  International  Convention  for  the  Safety  of 
Life  at  Sea, 

When  the  ice  accretion  on  ships  is  reported 
In  plain  language,  it  Is  preceded  by  the  word 
ICING.  ^ 


Under  special  conditions,  a  group  of  the 
form  oSfrppP  is  inserted  In  the  report  after  the 
Dsvs£PP  group*  *^ 

Reporting  ships  /rom  which  icebergs  aire 
visible  should  add,  in  plain  language,  to  their 
report  the  number  of  icebergs  seen,atthe  actual 
ttae  of  observation  (e.g.,  "3  BERGS"),  unless 
these  bergs  have  been  reported  with  the  group 
(ICE  c„KD.re), 
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•In  addition  to  the  previous  plain  language 
additions  described,  HAIL,  PAST  HAIL,  SNOW 
or  SLEET,  SANDSTORM,  and  COTRA  may  be 
added  when  the  weather  conditions  specified  for 
each  of  them  justify  their  inclusion.  These  cri- 
teria are  the  same  as  for  the  land  synoptic  code. 

SHIP  (PM  22.D) 

The  abbreviated  form  of  the  ship  synoptic 
code,  FM  22. D,  is  as  follows: 

SHIP  9?LaLaLa  QeLoI^LoLo  YYGGiw  Nddff 

-  •  VVwwW  PPPTT  NhCLhCMCH  «■ 

(Dgv's?//)  (2rsEgEgRg) 

ICE  followed  by  plain  language 

or  by  ^KDjre)  % 

The  abbreviated  form  of  the  ship  synoptic 
eode  is  not  normally  used,  but  you  should  be 
familiar  with  this  form  became  many  of  the 
merchant  ships  or  foreign  ships  use  this  form. 
As  a  plotter,  you  will  need  to  know  this  special 
form.  * 

SHRED  (FM  23.D) 

Coast1*  Guard  ships  do  not  use  this  short  ship 
synoptic  form;  however,  you  should  know  the  code 
because  you  will  encounter  this  type  of  report-in 
your  plotting  work.  It  supplies  wind,  weather, 
pressure  and  temperature,  and  ice  information 
primarily.  For  the  symbolic  form  of  this  code, 
jsee  N.O.  Pub.  No.  118. 

SPESH  (FM  26.D) 

This  code  is  the  marine  counterpart  of  ths 
land  station  code,  FM  13.A.  The  two  significant 
differences  are  the  prefix  SPESH  and  fhe  re-, 
placement  of  the  station  number  group  with  the 
ship's  position  groups.  In  addition,  when  extra 
groups  are  used,  they  ordinarily,  relate  to  the 
state  of  the  sea;  that  is,  they  contain  se*?.swell 
or  ICE  informatibn.  •  ^ 

"  LAND  UPPER  WIND  CODE  (FM  3fc.D)        *  . 

The  upper  wind  code  for  land  stations,  FM 
32. D,  is  designed  to  allow  the  reporting  of  wind 
conditions  in  the  upper  air.  It  is  a  relatively 


easy  code  to  learn,  but  there  are  many  techni- 
calities and  variations  to  the  code  that  you  will 
have  to  study  carefully.  Since-  MST's  will  be 
using  (that  is,  plotting)  upper  wind  reports  from 
other  WMO  Regions,  the  Region  IV  symbolic 
form  and  the  general  symbolic  form  are  given 
here. 

The  symbolic  form  of  the  message  for  upper 
wind  reports  used  in  most  of  North  and  Central 
America,  incluiiing  the  /United  States,,  is  divided; 
into  two  portionsr-all  data  up  to  and  including 
100  mb  being  in  the  first  portion,  and  all  data 
aiboye  100  mb  in  the  second  portion.  The  symbolic 
f$>im;for  the  first  and  second  portions  is  as 
follows:* 


PART  A 
SECTION  1 
SECTION  2 


SECTION  3 


FIRST  PpRTlON 


PP  YYGGa4  HUi 


44nPiPt 

or 
55nP1P1 


44nPiP! 

or 
44I1P1P! 


77PmPmPm 
or 

"  66PmPmPm 
or 

7HmHmHmHm 

-  or 
6HmHmHraHm 


ddfff  ddfff 


ddfff  ddllf  ddfff 


d  d  i  i  tm 
m  ra  m  m  m 


dmdm*mWm<D 


PART  B 
SECTION  1 
SECTION  4 


PART  C 
SECTION  1 
SECTION  2 


QQ  YYGGa4  Iliii 
9tnujU2U3  ddftt-<ldfff 
9tnuiu2u3  ddfff  ddfff  (D 
SECOND  PORTION 


MM  YYGGa4ylIiii 

44nPiPH    ^  . 

or    j     •    ddfff  ddfff  ddfff 


44nPiPi 

or 
55nPiPx 


ddfff  ddfff  ddfff 
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SECTION  3  7tPmPmPm| 

*  /«PraPmPml 
*  or 

.7HmHmHmHm 
or 

^raHmHraHm 


and/or 


dradra'ra*m*m 


^mdrafmfmfm<D 


PART  D 

SECTION  1      Lh  YYGGa4  Iliii 


SECTION  4  9 


or  j    t^UjUjiij  ddfff  ddfff  dctfff 


\ 


or  J    t^UjUgUj  ddfff  ddfff  ddfff  © 

The  WMO  symbolic  form  of  the  upper  wind 
code,  FM  32.D,  is  divided  into  four  parts-A,  B, 
Cr  and  D.  Parts  A  and  B  are  confined  to  data  up 
to  and  including  the  100-mb  level,  and  parts  C 
and  D  contain  data  above  this  level.  The  sym- 
bolic form  is  as  follows: 


PILOT 
PART  A 

SECTION  1     MjMj  YYGGa4  Iliii 


SECTION  2  44nPIP1l 

or     { ddfff  ddfff 
SSnPjPj  J 


etc 


SECTION  3  77PrhPmPm 
or 

or 

or  - 
•  or 


ddfff 
m  m  m  m  m 


dmdm'm^rtf^?h 


PART  B 

SECTIpN  1     M|MX  YYGGa4  Iliii ' 


SECTIONS  3 
or 

»  » 

•  -or 


ddfff  ddfff  ddfff 


Wtf^  ddfff  ddfffddfff 


21212  n  n  P0P0P0  dodoWo 
ninlPiPiPi  d^fififj 


PART  C 

SECTION  1  MjMj  YYGCa^  Iliii 
SECTION  2  44nPiP!) 


or .  J  ddfff  ddfff . 
55nP|Pi) 


etc. 


SECTION  3 


or 

WPmPmPm) 
or 

^raVmHm 
or 

6HmHmHmHm 

or 
77999 


ddfff 
ro  m  m  m  m 


PART  D 


SECTION  1     MjMj  yYGGa4  Iliii 


SECTION  4  9 
or 
8 

.9 
or 
8 

and/or 


tnulu2u3  dd£ff  ddm  ddfff 


tnulu2u3  ddiii  d6m  ddm 


21212  n1n1P1P1  did1f1f1f1 

nnnnpnpnPn  <WirWn 

Section  1  of  all 'four  parts  of  the  code  con- 
tains the  identification  anf  position  data.  Sec- 
tion 2  of  Part  A  contains  ^jdate  for  the  standard 
isobaric  "surfaces  of  ^,-700;/ .500,  -.400,  300, 
200,  150,  and  JLOO  mb,  and  Section  2  of  Part,C 
contains  data  for  the  standard  isobaric  surfaces 
"of  70,  50  ,  30  /  20,  *nd  10  .mb  when  pressure 
measurements  and  wind  dataware  obtained. Simula 
taxieougly  from  the^  sounding.  Section  3  of  Parts 
A  and  C  "contain  data  for  the^level(s)  of  the  maxi-v 
mum  wind(s),  with  altitudes  given  Jn  pressure  in 
units  of*  1/10,  mb  or  in  units  of  geopotential 
decameters.  Section  4  of  Parts*    and  D  contain 
data  for  fixed  regional  and/or  significant  levels, 
with*  altitudes  given  in  units  of  300  or '-500 
meters  or  significant  levels  with  altitudes  given 
iA  pressure  to  a  wh^e  millibar  when  pressure 
measurements  "and  wind  data  are  obtained  simul- 
taneously 'from  the  sounding.     *  -    * ' 


SHIP  UPPER  WEND  CODE  (FM  33.D) 

The,  y/MO  symbolic  code  form  of  the  ship- 
board upper  wind  code,  FM  33.D,  is  similar  to 
the  WMO  land  station  upper  wind  code.  The  sig- 
nificant differences  are  the  replacement  of  the 
aUtioa  identifiers  with  the  ship's  position  groups 
and  the  inclusion  of  the  Marsden  Square  Number 
group,  MMMUj^Ulq  (used  to  verify  the  ship's 
position),  following  the  position  data  in  Section  1 
pi  all  parts* 

PILOT  SHIP 
PART  A   '  . 

SECTION  1   MjMj  YYGG24  SSLjLjLj 
QcL0^LoLo  MMMUUUlo 


SECTrCN  2  44nPiPj 
or  , 
55nPjPi 


SECTION  3  77PmPmPra 
or 

•7H^HmHraHm 

6HraHraHmHm 

or 
77999 


ddfff  ddfff  ....  etc. 


d  d  f  t  t 
rn  rn  rn  rn  m 


ddfff 
m  m  rn  rn  tn 


PART  B 
SECTION 


1  M1M1  YYGGa4  99LaLaLa 
QcLoL0L0L0  MMMUUULo 


SECTION  4  9 
or 
8 
9 

or 

8  , 


t  u.u-iu  ddfff  ddfff  ddfff 
n  1  z  0 


t  u-u-iu  ddfff  ddfff  ddfff 
n  1  z  3 


and/or 


21212  nonoPoPoPo  dodoWo 
niniPlPlPl  didififjfi 

n'n  P  P  Pn  d "df  fit 
nnnnn  nnn  n/i 


PART  C 

SECTION  1  M1M1  XVtICa4  «LaLaLa 
*•  .  ;  QcX,0L0I,oLo  MMMUuULa 

Section  2  44nPfp^  -  ... 

.1  oX     ,       ddfff  ddfff ....  etc. 

t :  > 


Section  3  77PmpraPm 

or, 

66PraPmPm 
or 

7HmHmHmHm 
or 

CHmHmHmHra 

or 
77999 


PART  D 


ddfff 
m  m  m  m  m 


ddfff 
m  m  m  m  m 


SECTION  1  MjMj  YYGGa4  99LaLaLa 
QcLoL0L0L0  MMMUuULo 


SECTION  4  9 
or 
8 

-9 

or 

8 


t  u,u„u„  ddfff  ddfff  ddfff 
n  4  z  0 


t  i^u-u,  ddfff  ddfff  ddfff 
n  1  z  o 


and/or 


21212  njnjPjPjPi  djdjfjfjfi 
WnPnPnPn  dndnWn 


LAND  STATION  RADIOSONDE  CODE  (FM  35.D) 

The  complete  radiosonde  report  is  divided 
.into  four  parts  —A,  B,  C,  and  D—  each  of  which 
is  an  individual  message  complete  with  position, 
groups  and  ending  indicator  (0).  Parts  A  and  C 
are  specified  for  worldwide  distribution  and 
Parts  B  and  D  for  areas  of  continental  or  WMO 
regional  size.  The  United  States  (WMO  Region 
IV)  collects  Parts  A  and  B  (data  up  to  and  includ- 
ing the  100-mb  level)  in  a  singleniessage  which 
is  referred  to  as  the  first  transmission  an£ 
Parts  Cand  D  (data  above  100  mb)  as  the  second 
transmission. 

First  Transmission 

Both  parts  of  the  first"  transmission  are  di- 
vided further  into  four  sections—  1,  2,  3,  arid  4 
for  Part,  A  and  1,  5r  7,  and  9  for  Part  B.  The 
symbolic  form  of  the  first  transmission  with  a 
lef  explanation  of  the  various  sections  follows: 

PART  A 

ECTION  I  TT  YYGGIdriiit  * 

SECTION  2  99P  P  P   T  T  T    D  D 
0  0  0    0  0  ao  0  0 

d  d  f  f  f  .  " 

00000 


OOhhh  TTT  DD  ddfff 
a 


*674 


85hhh  TTT  DD  ddfff 
a 

70hhh  TTT  DD  ddfff 
a 

50hhh  TTT  DD  ddfff 
si 

40hhh  TTT  DD  ddfff 
si 

30hhh  TTT  DD  ddfff 
si 

20hhh  TTT  DD  ddfff 
st 

15hhhTTT  DD  ddfff 

-  -  Si 

lOhhh  TTT  DD  ddfff 

Si 


SECTION  3  88PtPtPt  T^T^D^  d^f^ 


77 


SECTION  4 


or     P   P  P  ddfff® 
i     m  m  m  m  mmmm 


VV  YYGG/  ntit 


OOP  P  P   TTT    D  D 

OOO  OOSiOOO 


11PPP  TTT  DD 

Si 


22PPP  TTT  DD 

Si 

33PPP  TTT  DD 

Si 

44PPP  TTT  DD 

Si 


etc. 


SECTION  7 
SECTION  0 


31313  25hhh  TTT  DD  ddfff 

Si  ¥■ 

51515  101Ad(Adf® 


GG— 


specifies  the  day  of  the  month  (GMT) 
i.e.,  01  means  the  first  day  of  the 
month*  02  the  second,  etc;  and,  if  the 
unit  of !wii)d  speed  is  in  knote,  5<>  is 
added  OTie  day  of  the  month  value. 

actual  time  of  observation  to  the 
nfarest  whole  hour  in  GMT. 

indicator  of  the  last  standard  iso- 
baric  surface  for  which  the  wind 
group  is  included  in  Parts  A  and  C. 


Iliii —     block  and  station  number. 

,  SECTION  2.-  This  section  normally  includes 
•upper  air  and  wind  data  from  the  surface  up  to 
and  including  the  100-mb  level.  The  symbolic 
letters  are  defined  as  follows: 

W-identifies  the  surface  data  groups 

PoPoPo~pre8sure  at  016  wrf™*  ln  *hole 
millibars 

TqTq -temperature  of  the  atr  in  whole  de- 
grees Cejslus  at  the  surface 

^-approximate  tenths  value  and  plus 
or  minus  sign  indicator  of  the  sur- 
face air  temperature 

DQDo-depression  of  the  dewpoint  tempera- 
ture (with  respect  to  water)  at  the 
surface  release  point 

dodo~tnie  directlon  ln  tens  of  degrees  (the 
hundreds  and  tens  digits  of  the  ob- 

—  -served  direction  havei»er rounded 

off  to  the  nearest  5*)  from  which  the 
surface  wind  is  blowing.  If  the  value 
for  the  nearest  5*  is  5%  500  is  added 
to 

actual  "wind  speed 


'oWo?  otherwise,  f0f0fo  18  the 


SECTION  l.-This  section  of  both  Part>Aan<* 
B  serves  the  same  function  —  to  identify  the  data. 
A  brief  definition  of  the  symbolic  letters  is  as 
follows: 

TT  or  VV-TT  specifies  that  Part  A  of  a  radio-  . 

sonde*  report  iollows.VV  specifies 
that  Part  B  of  a  radiosoncfeTeport 
,    .       '  follows. 


f0fo'o~flpeed  of  the  surface  Wind  in  knots, 
or  in  knots  plus  500 

00,  85, -standard  isobar ic  surface  indicators 
70,  etc  for  1000-mb,  850-mb,  700-mb  sur- 
faces, etc. 

hhh-geopotential  altitude  of  the  standard 
isobaric  surface  indicator  given' in 
geopotential  meters,  or  decameters 

NOTE:    The    remaining  symbolic  letters, 
TTTaDD  ddfff,  are  coded  in  a  manner  similar 
to  the  associated  surface  symbolic  letters  above 
except  the"  data-  are  applicable  to  thfc  standard  - 
isobaric  surface  indicated.  - 
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575: 


ERIC 


SECTION  3.-This  section,  with  the  indicai 
tor  figures  88,  provides  for  reporting  data  foi1 
the  tropopause  as  follows:  pressure,  tempera- 
ture, approximate  tenths  value  and  plus  jbr 
minus  sign  indicator  of  the  air  temperature,  r._ 
pression  of  the  dew-point  temperature  (with  re- 
spect to  water),  and  true  wind  direction  and 
wind  speed.  These  symbolic  letters  are  similar 
to  the  letters  described  in  Section  2. 

SECTION  4,-This  section  has  two  sets  of  in- 
dicator figures  to  identify  maximum  wind  data 
groups— 66  or  77#  The  figures  66  are  used  to 
identify  the  groups  when  the  maximum  wind  oc- 
curs at  the  terminating  level  of  the  sounding  in 
Parts  A  and  C,  and  the  figures  77  when  the 
maximum  wind  occurs  within  the  sounding  in 
Parts  A  and  C. 

V 

SECTION  5.— This  section  provides  a  means 
of  reporting  significant  levels  with  respect  to 
temperature  and/or  humidity  that  are  suffi- 
ciently important,  or  unusual,  to  warrant  the 
attention  of  a  forecaster,  and/or  are  required 
for  precise  plotting  of  the  radiosonde  observa- 
tion. 

All  significant  levels  are  assigned  a  signifi- 
cant level  indicator  number;  i,eM  00,  11,  22, 
etc.  The  indicator  number  00  is  always  assigned 
to  the  surface  data  groups.  The  remainder  of 
the  significant  levels  are  numbered  in  consecu- 
tive order  (lowest  to  highest  frith  respect  to 
"  geopotential  height). 

The  remaining  symbolic  letters  are  coded  in 
a  manner  similar  to  "those  described  in  Section  2* 

SECTION  7.-The  inclusion  of  this  section  is 
mandatory  whenever  any  jof  the  data  for  the 
250-mb  surface  is  available.  Whenever  this 
section  is  reported,  all  four  of  its  groups  must 
be  included  in  the  message.  When  *lj(for  thd 
250-mb  surface  are  nof  observed,,  tlttf^&ction 
is  completely  omitted'from  the-message. 

The  group  31313  is  the  indicator  group  for 
iHe  250^mb  surface;  data,  and.  the  remainder  of 
the  symbolic  tetter  groups  are  coded-in  a  manner^ 

SECTION  9. -This  section  provides  a  means 
of  reporting,  various  .types  of  information  per- 
taining,,.to  the  . ascent  .thai  cannot  be  otherwise 
included  irt  the  message.  • 


->  ^Jie  indicator  group,  51515,  specifies  that 
thtf  groups  that  follow  contain  data  in  a  regionally 
adopted  code  form  and  are  coded  utilizing  code 
table  101  of  the  Manual  for  Radiosonde  Code. 

Second  Transmission 

Part  C  of  the  second  transmission  is  divided 
into  4  sections— 19  2,  3,  and  4— and  Part  D  into 
3  sections— 1,  5,  and  9,  The  symbolic  form  of 
the  second  transmission  with  a  brief  explanation 
of  the  various  sections  is  as  follows: 

PART  C 


SECTION  1  WW  YYGGI.  IHU 
a 

SECTION  2  70hhh  TTT  DD  ddfff 
a 

50hhh  TTT  DD  ddfff 
a 

30hhh  TTT  DD  ddfff 
a 

20hhh  TTT  DD  ddfff 
a 

lOhhh  TTT  DD  dtfff 

07hhh  TTT  DD  ddRfff* 
a 


05hhh 


DD  ddfff 


03hhh  TTT  -DD  ddfff 
~a 

02hhh  TTJ  DD  ddfff 
a 

Olhhh  TTT  DD  ddfff 

*  -*  a 


SECTION  3  88PtP>Pt  Tffijift  WtV, 
77) 

SECTION  4  or]    P  V  P    d  d-  f  f  f  0 
6Cj     m  m  m  m  ram  m  m 


PART  'D  \ 

SECTION  1  YY  YYGG/  Ilifi 


SECTION  5  11PPP  TTT  DD 
a 

22PPP  TTT  DD 
a 


t  - 


-33PPP  TTT  DD 

_,u_      a  ■*  - 

44PPP  TTT  DD 
V—  etc. 


SECTION  9  5151*5  lOlA^A^O 
at  ox 
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All  sections  of  Parts  C   and  D  have  a 
counterpart  in  Parts  A  and  B  and  have  similar-" 
coding  procedures.  The  message  identifier  letters' 
iof  Parts  C  and -D  are  WW  and  YY,  respectively.  * 

As  was  mentioned  previously,  all  data  in 
Parts  C  and  D  are  applicable  .to  levels  above 
100  millibars.  Data  for  a  100-mb  level  or  be- 
low, even  if  not  transmitted  in  Parts  A  or  B, 
cannot  be  reported  by  Parts  C  or  D,  * 

Strata  reported  in  the  body  of  the  radiosonde 
message  as  having  superadiabatic  lapse  rates 

.  will  be  verified  by*  the  use  of  plain  language. 
The  plain  language  arrangements  will  consist  of 
the  word  SUPER  followed  by  the  pressure 
values,  in  tens  of  millibars,  of  fhe  base  and  top 

-of  the  stratum  involved;  i;e„  SUPER  PqPq— 

PTPTmb  stratum  where  PqPq  is  the  pressure 

at  the  base  and  PjPj  is  the  pressure  at  the  top 

of  the  stratum.  If  more  than  one  distinct  stratum 

is  involved,  the  pressure  values  for  the  strata  will 

be  given  in  ascending  order  with  respect  to  altitude 
(e.g.,SUPERPBPB-PTPl>pBPB«pTpTm5retc#)t 

SHIPBOARD  RADIOSONDE  CODE  (FM  36,D) 

The  symbolic  form  of  the  radiosonde  qpde* 
used  by  ships  is  basically  the  same  as  the  land 
station  radiosonde  code.  The  >significant  dif- 
ference is  the  position  -symbolic  groups  used  in 
Section  1  in  all  parts  of  the  shipboard  code.  The 
shipboard  symbolic  code  format  for  Part  A, 
Section  1,  with  an  explanation  of,  the  various 
groups  is  as  follows; 


TT  YYGGL  99L  L  L  Q  L  L  L  L 
d     ,a  a  a       o  o  o  o 
MMMU.  U.  ' 

La  Lo  » 

The  groups  TT  and  YYGGI  are  coded  the 
same  as  a  land  station  report. 

-    9*-identifies    ship    station  position 
_  groups  in  all  parts  of  the  code 

LLL  m  tens,  units,  and  tenths  of 

"degrees 

,  Qc-flyadrant  of  the  glotfe 

/ 

L0Lo^0L 0 -longitude  in  hundreds,  tens,  units, 
and  tenths  of  degrees 

MMM-number  of  Marsden  Square  for  the~ 
ship's  position  at  time  of  observa- 
tion 


ULaULo~units  n^re  mthe  reported  latitude 
and  longitude 

.  Section  1  of  Parts  £,  C,  and  D  is  identified 
by  the  message  identifier  letters  VV,  WW,  and 
YY,  respectively. 


INTERNATIONAL  ANALYSIS 
CODE  (IAC  FULL  FORM)  (FM  45,D) 

*  This  code  reduces  to  a  numerical  code  form 
a  coded  weather  map  analysis  frorajmaps  plotted 
and  analyzed  at  forecasting  centers  of  meteoro- 
logical services,  "Data  included  in  these  messages 
give  the  types,  characteristics,  centraijpressures, 
locations,  and  movements  of  pressure  systems 
and  position  points  for  use  in  drawing  the  fronts 
and  isobars.  Types  of  fronts  (whether  warm, 
cold,  occluded,  or  stationary)  and  the  values  for 
the  isobars  are  also 'indicated  in  the  messages. 
The  message  may  be  either  a  current  map 
analysis  with  indications  as  to  movement  or 
development,   or  a  prognostic   map  analysis. 

For"  land  stationa  with  facsimile  equipment, 
this  code  is  normally  plotted  only  in  case  of 
complete  equipment  failure  or  in  cases  in  which 
It  is  desirable  to  compare  another  analysis  from 
an  analysis  center  whose  facsimile  broadcast  is 
outside  the  range  of  the  receiving  equipment, 

*   .  * 

The  .symbolic  form  and  an  explanation  of  the 
letters  specifications  of  this  code  may  be  found 
in  N,0,  Pub.  No.  118, 

( IAC  FLEET  (FM  46, D) 

The  international  analysis  code,  FM  46,D, 
was  designed  primarily  for  marine  use,  It  is  an 
abridged  form  of  FM  45,D,  and  the  symbolic- - 
letters  and-  figures  have  the  same  meaning  in 
both  codes.  The  symbolic  code  form  is  a3  fol- 
lows: 


10001 

33388 

OYYGcGc  or 

99900 

65556 
3PtPcPP 

33388 
QL.LaLoLo 

OYYGcGc  OOOGpGp 

**\Wi)  md3Ws 

or 

OOOg^ 

9P.P  PP 
t  c 

md  df  f 

3  3  S3 

QWoLo  <«LaLaLoLo> 

and' 

ooog^ 

7P,P  PP 
t  c 

mddf  f 

8  533 

*W&  (QLaLaLoLo> 

577 


00 


<W0LoQIiLALo  — 


and 


Vp 

00Vp 


69FtF,Fe 
rad  d 


*'IkIkI"oI"o 


99922  44PPP 


6TFtFlFc 


LL.  


9995S  (SSTJjT^     (555PP)  Qlj^Vj 


99344  987wfws 


38000  77o2uu 


•  (9d  d  P  P  J  QL  L  L  L 
w  w  w  wr      a  a  o  o 

<9<fd  P  P  J  QLL,  L  L  etc.  (00C.00) 
'ww  w  vr      a  a  o  o  *■ 

'  <*»WwPw>  «LaLaLoLo 
•VUVn*  Q,LaLaLoLo  etc>  (00C1'°0) 
and/or 

«iArW  QLaLaLoV 

(9d  d  P  P  J  QLL,  L  L  etc.  (00C.00) 
'    w  w  wvr      aaoo  i 

77744     ,  .  .  Vocabulary  |roupt  .  .  .  *4777 

19191 


000Vp  79e*u" 


OOOfpfp  76«2uu 


The  groups  in  the  first  two  lines  of  the  above 
message  constitute  the  preambies-of  the  mes- 
sage.  The  pr&ambTelfl  the- first  line  is  forAthe 
"-surface  analysis,  and  the  preamble  in  the  second 
line  is  for  surface  prognosis. 

Tke  approbate-  preamble  is  included  each 
time  tSe  analysis  or  prognosis  is  made  Alp  from 
a  different  chart  and  for « each  different  type. 
Each  such  analysis  or  prognosis  ends  with  the 
group  19191. 

^>Ihe  folfewing  groups  precede  the  various 
sections  of  cgde  and  indicate  the  type  of  data 
that  follows: 


99900— Section  of  pressure  systems. 
99911— Section  of'frontai  systems.  1 
99922— Isobars  section. 
99944— Weather  area  section. 
*    99955— Tropical  section. 

8880b—  Wave  or  sea  temperature  section. 

m 

Each  analysis  or  prognosis  section  may  be 
repeated  as  many  times  as  necessary.  Use  of 
*th  *"tropicai  section  does  not  preclude  the  use  in 
the  same  general  area  of  other  sections  where 
applicable.  Movement  group  must  be  given  for 


each  pressure,  frontal,  or"  tropical  system  in- 

eluded.  * 
** 

Amplifying  phrases  from  a  vocabulary  code 
can  be  inserted  as  and  where  desired,  but  must> 
be  preceded  and  terminated  by  the  appropriate 
key  groups.  Other  information  is  invariably  to 
be  given  in  the  sequence  shown  in  the  code, 

The  following  sequence  is  used  for  coding 
each  section: 

1.  Pressure  systems:  to  be  given  in  the 
order  of  occurrence  from  west  to  east. 

2.  Frontal  information;  to  giv£  a  general 
run  as   far  as  possible  from  west  to  ^Ast. 

3.  Tropical  systems:  as  for  pressure  sys- 
tems or  frontal  information  according  to  which- 
ever the  tropical  system  more  closely  re- 
sembles. 

4.  Isobar  delineation:  poipts  on  an  isobar 
encircling  a  LOW  should  be  given  first  and  fn  a 
cyclonic  direction.  Points  on  an  isobar  encir- 
cling a  HIGH  ^hould  be  given-  last  and  in  an  . 
anticyclonic  direction. 

5.  Significant  weather:  in  order  of  occur- 
rence from  west  to  east. 

JThe  position  group  for  each  pressure  system 
may  be  .given  twice.  Points  on  fronts,  tropical  ' 
systems  resembling  fronts,  isobars,  and  boundar- 
ies of  areas  of  significant  weather  are  given 
only  once.  If  a  pressure  or  tropical  system  is 
elongated  and  open,  two  or  more  points  (twice 
each  if'  desired)  are  given  to  indicate  the  axis  of 
the  system;  the  first  position  and  the  pressure, 
when  given,  refer  to  the  vertex  of  the  system. 
The  speed,  direction,  and  rate  of  change  or 
characteristic  of  motion  of  the  system  then  re-* 
fer  to  the-axis  of  the  system.  ^ 

When  used  with  fronts  or  tropical  systems 
resembling  fronts,  the  movement  group  refers 
to  the  central  portion  of  the  type  concerned. 
When  it  4s  necessary  to  use  two  or  more  move-^ 
ment  -groups  in,  reference  to  a  given  type,  the 
type  is  subdivided  -by  repetition  of  the  group 
66FtFiFc  or  55TtTjTc. 

Additional  groups  6r  supplementary  informa- 
tion may  be  added.  In  these  cases  the  same 
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rules  ts  those  for  the  IAC,  full  forn),  apply.  A 
correction  to  tjhe  analysis  or  prognosis  com- 
mences with  the  groups  11133  OYYGcG<r  The 
corrections  follow,  preceded  by  the  appropriate 
indicators-  (8 — ,  66 — ,  44 — ,  etc.),  and  the 
message  ends  with  the  19191  group. 


UPPER  AIR  FALLOUT 
DATA  CODE  (UF) 


Upper  air  fallout  data  originate  for  trans- 
f*  mission  at  Washington,  D.  C#l  and  are  prepared 
by  electronic  computer  at  the  National  Meteoro- 
logical Center.  These  reports  consist  of  data 
derived  from  the  upper  wind  reporti  "trans- 
.  mitted  by  U.e  various*  rawinsonde  stations  in  the 
United  States. 

The  data  computed  are  the  true  bearing  and 
distance  in  statute  miles 'from  the  station  to  the 
points  on  the  earth's  surface  where  /allout  from 
various. levels. would  occur  in  3  hours  after  a 
bomb  detonation.  All  heights  referred  to  in  the* 
instructions  pertaining  to  fallout  winds  are  in 
respect  to  rafrin  surface  altitude. 

* 

The  standard  levels  for  which  data  are  com- 
muted and  transmitted  are  the  3-,  6-,  12-,  18-, 
and  24-km  levels  (10,000-,  20,000-,  40,000-, 
60,000-,  and  80,000-ft  levels). 

Sequence  collections  of  these  coded  reports 
are  made  on  Service  C  as  described  in  that  sys- 
tem's transmission  schedules. 

The  sequence  collection  heading  consists  o*f 
^the  collection  designator,  the  circuit  of  origin, 
and  the  data  and  time  of  the  observation.  Thus, 
the  heading  would  be:  UF-    CC  YYGGggZ. 

UF— UppeMir  fallout  data.  * 

CC— Circuit  on  which  the  collection  is  be- 
ing made  (30  through  35). 

YY— Day  of  the  "month  in  Greenwich  civil 
time  (i.e:,  first  day— 01;  second  day— 
'  .02;  etc.). 

GGgg— Timer  of  observation  jn  hours  and 
minutes  (GCT)  upon  which  these 
computations  are  based. 

Z— Designator  for  Greenwich  civil  time. 


Form  of  Message 

The  symbolic  form  of  the  message  and  the 
definitions  of  the  symbols  are  as  follows: 

j       iii  Iddsd  2ddss  4ddss  Sddss  8ddss 

iii— Letter  identifier  for  the  observing 
station. 

4  dd— True  direction,   in  tens  of  degrees 
(i.e.,  clockwise  from  true  north  on 
the  scale.  01  to  36),  towards  which 
particles  would  fall  from  the  spec- 
ified level.   The  nearest  tens,  of 
degrees  reported, 
ss— Distance,  in  tens  qf  statute  miles, 
from  the  station  or  ground  zero 
point,  at  which  particles  would  land 
that  take  3  tours  to  fall  from  the 
specified  level.  The  nearest  tens 
of  miles  are  reported  (i.e.,  code 
figure   00-0   to.  4  miles;  01-5  to 
14  miles;  02-15  to  24  miles,  etc.). 
1,  2,  4,— Level,  indicators  of  the  height  in  tens 
6  if  8       of- thousands  of  feet  above  station 
elevation  (i.e.,  1-10,000;  2-20,000; 
etc.). 


MAP  PLOTTING 

Map^pfetting,  together  with  observing,  is  one 
/  of  the  most  imjxmant  job  functions  to  be  en- 
countered The  training  you  received  in  map 
plotting  while  at  the  MST  *'An  School  should 
have  made  you  entirely  familiar  with  many  of 
the  basic  ancl  often-used  codes.^  In  the  first 
part  of  this  'section,  we  have  reviewed  many  of 
these  codes  which  you  have  already  learned, 
and  have  introduced  codes  with  which  you  were 
not,  perhaps,  so  familiar. 

The  maps  and  charts  tfiat  you  will  plot  are 
of  prime  importance  to  all  concerned  because 
from  these  maps  and  charts  the  forecaster  is 
able  to  locate  pressure  areas,  fronts,  precipi- 
tation areas,  ridges,  trt>ughs,  and  numerous 
other  meteorological  phenomena  of  great  ,im- 
portance.  Also,  the  maps  and  charts *that  you 
will  plot  are  determined  by  the  geographical 
locafjon  of  your  weather  station,  itaoperationalj 
requirements,  and  its  area  of  responsibility. 

A  thorough  knowledge  of  the  codes  used  and 
the  employment  of  good  map  plotting  practices 
should  make  you  an  excellent  map  plotter. 
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The  following  procedures  are  employed  for 
plotting  most  codes,  and  have  generally  been 
standardised  so  that  the  minimum  amount  of  con- 
fusion will  result: 

1.  Do  not  plot  indicator  figures  for  code 
groups. 

2.  Most  wind  directions  are  reported  in 
tens  of  degrees.  Plot  the  wind  direction,  dd, 
as  the  wind  direction,  in  tens,  of  degrees,  from 
which  the  wind  is  blowing. 

3.  Report  all  wind  speeds  in  knots, 
a.    A  Jialf  barb  (1/8  inch)  represents 


5  knots. 


b.    A  hill  barb  (l/4  inch)  represents 


10  knats. 

^  c.    Pennants  (l/4  inch)  represent  50 

knots. 

Employ  any  combination  of  a,  b,  and  c  to 
represent  the  correct  speed  You  should  plot 
••X"  at  the  end  of  the  wind  shaft  when  the  speed  is 
missing. 

4.  Plot  the  wind  direction  and  speed  so 
that  you  can  show  true  direction  and  not  interfere 
with  other  elements  plotted. 

5.  Latitude  is  the  degree  of  distance  north 
or  south  of  the  Equator.  Longitude  is  the  degree 
of  distance  west  or  east  of  Greenwich,  ^ngland 

6.  Plot  minus  signs  for  subzero  Celsius  or 
Fahrenheit  temperatures. 

7.  If  any  mandatory  plotted  element  is 
garbled  or  partly  or  wholly  missing,  plot  a  dash 
(—)  in  its  place. 

8.  Orient  all  element^  that  you  plot  to  th^ 
adjacent  meridian  (latitude'  and  longitude)  lines. 

9.  Fill  out  all  legends  as  indicated  in 
the  printed  portion  of  the  map  containing  the 
legend  block.  If  a  legend  block  is  missing, 
information  normally  entered  in  the  printed 
legend  is*  entered  in  the  lower  left-hand  comer 
of  the  map.  The  entries  may  be  rubber  stamp  or 
printed  block  entries,  Do  not  forget  your  name 
and  rate  in  the  legend 


10.  Data  plotted  around  a  station  circle 
should  cover  an  area  not  greater  than  a  dfrae, 
if  possible. 

11.  Report  and  plot  the  code  figures  that 
are  coded  for  temperature  (TT)  and  dew  point 
(TdTd)  as  either  whole  degrees  Celsius  or 
Fahrenheit,  except  plot  tenths  onupper  air  charts. 

12.  After  completing  plotting  ot  the  map, 
check  the  following  items: 

4 

a.  Neatness. 


b.    Wind  direction  and  speed  plotted 


correctly. 


c.  Size  of  station  plots. 

d.  Completeness   (all   available  data 


plotted). 

e.  Entry  of  late  and  off-time  reports. 

f.  Plotting  of  additional  upper  air  data 
as  required. 

g.  In  case  of  ships,  proper  location, 

13.  There  are  inks  of  several  different  colors 
which  you  can  use  when  plotting  a  map  to  indi- 
cate the  types  of*  data  plotted.  Although  no 
standard  set  of  colors  exists  in  the  Coa&t  Guard, 
and  the  colors  used  are  normally  determined 
locally,  the  following  colors  are  recommended: 

a.  Black  or  blue- black— On- time  data 
or  blocks  of  off-time  data  (so  indicated  in  (fie 
map  legend). 


b     Red— Gradient  winds  and  off-tim6 


data. 


c.    Green— Data  that  are  entered  after 
the  map  has  been  plotted  '  ' 

14.  Quadrants  of  the  globe  are  designated 
in  the  symbolic  code  breakdown  by  the  letter 
Q,  It  is  of  the  utmost  importance  that  you  plot 
the  weather  reports  in  the  correct  quadrant. 
Erroneously  plotted  data  definitely  give  a  wrong 
picture  of  the  weather. 

15.  Be  sure  to  plot  the  past  positions  of 
pressure  centers  and  fronts- on  the  map,  Indicate 
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the  past  positions  of  the  pressure  centers  by  an 
X  circumscribed  by  a'  circle  with  the  date  and 
time  placed  immediately  above.  Indicate  the  d^te 
by  two  numbers  separated  by  a  colon  indicating 
the  day  of  the  month.  The  second  two  numbers 
indicate  the  time  of  data  to  the  nearest  whole 
hour  GMT  preceding  the  time  of  the  appropriate 
map.  Thus,  enter  1230Z  on  the  20th  day  of  the 
month  as  20;12Z  (or  20/12Z). 


SYNOPTIC  CODE  PLOTTING 
(LAND  STATIONS) 

v There  are  many  variations  to  the  synoptic 
code.  The  difference  in  most  cases  is  small, 
but  very  important.  Be  sure  to  check  the  WMO 
Region  in  v  hich  you  are  stationed  or  operating 
for  the  deferences'  in  the  code  that  is  employed 
in  your  area.  The  synodic  code  breakdown  in 
the  following  section  is  that  applicable  to  North 
and  Central  America  and  the  Caribbean  Islands. 
This^  area  is  WMO  Region  IV. 

The  Manual  of  Synoptic  Code,  FMH  *2,  is 
to  be  used  in  codiyg  the  regular  6-hourly  surface 
land  station  observations.  As  explained  previously 
in  this  section,  this  code  "is  composed  of  groups 
of  five  figures  (with  the  excejftion,  of  the  first 
group),  plu3  additional  plain  language  words, 
as  required,  to  report  certain  meteorological 
phenomena.  Each  figure  in  each  group  has  sig- 
nificance according  to  its  position  in  the  group 
and  the  position  of  the  group  in  the  message. 
The  order  of  "the  symbols  in  the  group  and  the 
order  of  the  groups  in  the  message  are  always  the 
same*  Refer  to  N.  O.  Pub.  No.  118  ,or  FMH  #2 
for  the  symbolic  letter  specifications  ,not  included 
here.  An  example  of  a  synoptic  report  giving  the 
first  seven  groups  is  shown  below.  (Refer  to 
figure  9  for  the  synoptic  code  plotting  model.) 
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A  definite  order  of  decoding  and  entry  haa 
been  established  so  there  will  be  a  mutual 
understanding  between  the  decoder  and  the  plotter 
'(if  two  people  are  working  on  a  map)  as  to 
which  element  of  the  code  is  next  to  be  decoded 
and  plotted  on  the  chart. 

The  order  of  decoding  and  map  entry  is  as 
follows:  * 

Order 
Decoded 

ill 
dd 

ff 

V 

ppp 

TT 

WW 

*  vv. 

T  T 
Vd 

ppa 
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Figure  9. —^Synoptic  station  model—land  station. 


Symbol  and  Position 
Around  Station  Circle 

Station  number  (locate  station). 
Wind  direction  (changes  depend- 
ing upon  direction)/ 
Wind  speed  (at  the  end  of  dd). 
Fraction  of  sky  cor^red  by  clouds 

(in  station  circle). 
Sea  level  pressure  (northeast  quad- 
rant). 

Temperature     (northwest  quad- 
rant). • 
Present  weather-  (west  of  station 
circle). 

Visibility  .(to  the  left  of  ww  or  next 
to  the  station  circle  under  TT  if 
ww  is  absent). 
Oewpoint  (southwest  quadrant). 

Amount  and  characteristic  of  bar- 
ometric tendency  during  past  3 
hours  (east  of  station  circle). 
Middle  cloud  type  (nor||i  of  center- 
line  of  statfon  between  PPP  and 
TTT. 

High  cloud  type  (north  of  center- 
line  of  station  above  C^), 

Low  cloud  type  (louth^pf  center- 
line  of  station). 

Amount  of  CT  or  CM  (to  the  right 
ofCL). 

Height  above  ground  of  C.  or  CM 
(under  CL).  L  M 

Past  weather,  time  precipitation 
began  or  ended,  and  amount  of 
precipitation  for  past  6-hour  period 
preceding  actual  time  of  observa- 
tion (under  ppa). 


SHIPBOARD  CODE  PLOTTING 

At  sea  there  is  a  lack  of  the  close  network  * 
of  land  reports,  and  a  single  ship  report  may 
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be  the  only  one  in  a  vast  area.  A  single  ship 
report*  too,  may  be  the  only  one  giving  an  indi- 
cation of  a  developing  tropical  storm  which  may 
be  heading  for  a  task  force  or  a  heavily  popu- 
lated area.  It  is  especially  important  that  the 
location  of  the  ship  be  plotted  accurately  as  well 
as  complete  plotting  of  the  data  around  the  station 
circle. 

'  Surface  synoptic  reports  from  ships  are  iden- 
tical with  land  Synoptic  reports  with  the  exception 
of  the  position  groups,  the  direction  and  velocity 
of  the  ship  group,  the  group  in  which  difference 
between  sea  water  and  air  temperature  is  en- 
coded, and  the  ice  group.  The  ice  group  is 
omitted  if  there  is  no  ice. 

Figure  10  shows  the  grouping  of  entries 
.around  the  U.  S.  ship  plotting  model.  Refer 
to  N.O.  Pub.  No.  118  for  the  symbolic  letter 
specifications. 


U  S.  Ship  Model 
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Figure 


S.  ship  plotting  model. 


The  following  is  an  example  of  the  symbolic 
form  of  the  code^  and  "numerical  code  values 
from  a  shipboard  observation. 

9>L  L  L  * Q  L  L  L  L   YYGGi  Nddff  WwwW-  • 
.aaacoooo  w 

PPPTT 
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3P  P  H  H  ' 

W   W   W   W  £r 

52472  54811  05413  30304 


The  first  elements  to  be  checked  by  the  de- 
coder are  the  day  of  the  mcnth  (YY)  and  the  time 
(GG),  to  be  sure  that  the  report  is  consistent 
with  the  date  and  time  of  the  chart  being.plotted. 


i 


After  the ,  quadrant  (Qc)  of  the  globe  ia 

determined,  the  first  verbally  decoded  element 

is  latitude  (L  L  L  ),  and  this  is  always  decoded 
a  a  a  '  / 

as  "North"  pr  "South," 

The  second  item  decoded  is  the  longitude 
(L0L0LQL  ),  ahd  this  is  always  decoded  as 
"West"  or  "East." 

When  the  plotter  has  located  the  position 
indicated,  he  should  draw  a  1/8-inch  circle 
over  it. 

The  decoder  then  proceeds  decoding  in  the 
following  manner: 


dd 
ff 
N 

PPP 
TT 

WW 

VV 


TdTd 

Vs 
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Nh 
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Wind  direction 
Wind  velocity 
Total  sky  coverage 
Sea  level  pressure  * 
Temperature 
Present  weather 

Visibility  (from  ship's  visibility 

code  table) 
Dewpolnt  temperature 

Sea  water  temperature 

Pressure  tendency  (pressure 
change,  as  recorded'  on  ship* 
board,  is  affected  by  the  move* 
ment  of  the  ship.  Therefore, 
the  ship's  movement  should  be 
shown  whenever  pressure 
change  I?  entered.) 

Ship's  average  direction. 

Ship's  average  speed  , 

Mlddtectoud  type 

High  cloud  type 

Low  cloud  type 

Amount  of  low  clouds 

Height  of  lowest  cloud 
Wave  period  and  height 


A  definite  order  of  decoding  has  been  es- 
tablished, as  in  the  land  station  code,  to  elimi- 
nate confusion  between  the  decoder  Jtnd  plotter 
on  the  order  of  entries. 


See  figure  10  for  an  illustration  of  theplotting 
of  a  ship's  report  frorrf  the  foregoing  ship's  code 
example  - 
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PLOTTING  ASYNOPTIC 
(OFF-TIME)  DATA 

Since  a  "synoptic  chart"  is  -one  showing^ 
meteorological  conditions  observed  at  various  J 
places  over  a  region  at  or  very  near  the  same  * 
given  Greenwich  time,  it  readily  Tollows  that 
"asynoptic  data"  %re  those  data  not  normally 
appearing  on  a  synoptic  chart  by  virtue  of  being 
observed  at  a  different  time.  In  other  words, 
asynoptic  data  may  be  termed  "off- time"  data. 
Although  there ^is  question  as  to  how  much  dif- 
ference may  exist  between  observation  time 
and  synoptic  chart  time,  and  here  again  local 
rules   have  to  apply,   asynoptic  data  provide' 
valuable  supplements  to  synoptic  data  in  areas 
where  synoptic  reporting  stations  are  sparse 
or  in  cas»    of  communications  failure.  Fre- 
quently, as/noptic  reports  indicate  significant 
wether  developments  not  apparent  at  map  time. 

The  criteria  for  asynoptic  data  are,  in  gen-  » 
erai,  as  follows:  for  surface,  data,  surface  ob- 
servations more  tht?  1  hour  from  the  synoptic 
chart;^  for  upper  air  data,  those  observations 
departing  more  than  2  hours  from  the  synoptic 
chart  time. 

N  A  color  code,  such  as  the  one  given  in  a  > 
previous  part  of  this  section,^ hould  be  adopted 
for  plotting  such  data.  These  plotted  reports 
must  be  distinguished  from  the  regular  synoptic 
data  in  that  sufficient  changes  generally  occur 
during  the  time  intervals  to  yield  anTnaccurate 
or .  inconsistent  analysis  if  the  off-time  data 
were  treated  as.  synoptic. 


PLOTTING  AIRWAYS  CODE 

When  bad  or  hazardous  weather  is  approach- 
ing the  station,  it  often  becomes  necessary  to 
supplement  the  6-hourly  synoptic  map  with  3- 
hourly  airways  maps.  These  may  be  either  a 
regular  synoptic  type  chart  or  a  sectional  chart. 
At  times  it  may  even  be  necessary  to  enter 
hourly  airways  maps.  These  charts  give  a  de- 
tailed analysis  over  a  limited  area  of  the  relation 
of  pressure  s,otems,  fronts,  temperature,  and 
humidity  to  operationally  significant  weather 
elements.'  These  maps  also  enable  the  forecasted 
to  keep  a  "weather  eye"  on  the  situation  and  to 
note  any  sudden  or  unusual  changes  which  are 
occurring, 


-  The  ^Airways  Code  is  probably  the  most 
familiar  of  all  weather  codes.  It  ia.  used  not- 
only  when)  we*ather  reports  are  made  from 
MFl^Kh^Jwt  can  be  used  to  plot  airways  charts 
andf  to  fill  in  areas  of  sparse^or  little  data  on 


synaptic  charts. 


Smce  the  airways  maps,*  when  plotted,  are 
subject  Cq  careful  scrutiny,  it  is  imperative  that 
they  be  entered  both  rapidly  and  accurately. ' 
The  size,  type,  and  scale  of  the  map,  and  the 
amount  of  data  to  be  plotted  are  governed  by 
local  requirements. 

The  arrangement  of  data  around  the  station 
circle  is  essentially  the  same  as  for  the  land 
synoptic  code  plotting  model 

Figure  11  (A  and  B)  show6  a  typical  station 
model  and  a  plotted  niodel  used  for  plotting  the 
3-hourly  airways  code  data. 

<A)  (I) 

x/ 

L  u 


Figure  11— (A)  Station  model  for  plotting  airways 
reports;  (B)  plotted  airways  station  model. 


;  The  entries  made  on  this  chart  are  as  fol- 
lower- 


s  Airways  symbol  representlng*fhe 

greatest  sky  cover,— — 

V  •    Actual  visibility. 

W  &  O         Weather  and  obstructions  to  vision. 

Enter,  using  synoptic,  symbols. 
Use  combinations  and  Intensity 
symbols.  Intermittent  preclplta- 
Utlon  i?  shown  in  remarks. 

PPP  Enter  as  given. 

T*V  ,  Enter  as  given. 

TdTd  Enter  afl  glven* 

*dd  Same  as  synoptic  entry  (G  or  Q  may 

be  placed  at  the  f/nd  of  the  shaft 
to  Indicate  gusts  or  Squalls  *and 
the  maximum' wind  In  the  fusts  or 
sflualls  may  also  be  placed  at  the 
end  of  the  shaft). 

ff  Same  as  the  synoptic  entry  (see  dd 

note  for  additional  entries). 

app  Enterea  the.same  as  6-hourly  syn* 

optic  reports. 
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1C.  CXMCU    Enter  the  symbol  repreae ntlnc  the 
*  M  H     type  of  low,  middle,  and  hlj^ 
>,  clouds.    Directly  below  the  low 

r         j  and  middle  eloOds  cpter  the  nelfht 

(h)  of  these  clouds  uslnf  the  Stand* 
4  *ard  procedure  for  entry  of  cloud 

hel(Ms.    (Use  helfht  ot  lowest 
middle  or  low  clouds  when  there 
/  is  more  than  one  layer.)  / 

The  altimeter  setting  is  not  entered  Re- 
marks, as  appropriate,  should  be  entered, 
■  4 


PLOTTING  WINDS  AI^FT  • 

AND  UPPER  AIR  DATA  .  . 

*  Winds  aloft  reports  may  be  plotted  on  sep- 
arate charts  or,  may  be  used  to  fill  in  stations, 
on  the  constant  pressure  charts  which  do  not 
take  or  transmit  radiosonde  data.  Take  extreme 
care  when  plotting  the  wind  direction  and  speeds 
on  these  charts,  as  many  areas  of  the  world 
are  using  streamline  analyses  almost  exclusively, 
on  upper  air  charts.  A  mispfotted  direction  or 
an  incorrect  speed  could  causal  an  entirely  er- 
-  roneous  analysis  in  a  cruel  al^area. 

,  When  wind  speed  and  direction  are  critical 
in  the  analysis  of  an  upper  air  chart,  the  follow- 
ing procedure  is  recommended: 
« 

0  1.  Plot  all  wind  directions  with  a  protractor, 
using  the  latitude  anf$  longitude  lines  for  orien- 
tation. Draw  the  wind  shaft  to  the  station  circle. 
(See  figure  12.) 

*IND  SPEED 

'    •  (OPTIONAL  )6 

/  TEMPERATURE 
y  v'    -  8.2  ^60 


WINO 
DIRECTION" 


18 

y 

DEWPOINT  DEPRESSION 


HEIGHT 


Figure  12.—  Constant  pressure  chart  plotted 
report. 

2.  Indicate  the  speed  of  the  wind  by  the  ap- 
propriate number  of  feathers,  pennants,  or  com- 
bination^ of  both.  * 

3.  Place  the  tens  number  of  the  wind  dir- 
ection on  the  end  of  the  wind  barb  shaft. 

t  ' 


J  4.    OptionaL  entries-nonnally  governed  tgr 
,  local  procedure  Ire: 

a.  TcT  place  the  actual  wind  speed  -in 
parentheses  .at  the'  tip  of  the  wind  feather  or 
pennant  indicating  the  speed; 

b.  To  draw  the  wind  shaft  through  the 
station  circle  with  an  arrowhead,  on  the  end 
pointed  In  the  direction  toward^which  the  wind 
is  blowing. 

*  —I 

If  the  wind  is  calm,  draw  a  circle  around  the 
station  circle.  If  the  wind  is  missing,  do  not 
make  any  entry  for'  the  wind  If  the  wind  direc- 
tion is  encoded  and  therspeed  is  missing,  enter 
an*  X  at  the  end  of  the  wjnd  shaft  where  the  wind 
feather  is  normally  located 

The  height  is  entered  as  encoded  to  the  north- 
east of  the  station  circle;  Ithe  temperature,  to  the 
northwest  of  the  stationVcircle  in  degrees  and 
tenths;  and  the  dew-powt  depression,  to  the 
southwest  of  the  station  circle  in  degrees  and, 
tenths. 

If  the  height,  temperature,  or  dew-point  de- 
pression is  missing,  enter  a  dash  irf  the  appropri- 
ate space  for  each  of  these  elements.  ^ 

PREPARATION  OF  WEATHER  MAPS 
FROM  THE  IAC  (FLEET)  CODE 

Underway  at  sea,  you  may  find  that  because 
of  other  duties  time  cannot  be  spared  to  plot 
all  ship  and  coast  station  reports  available 
for  drawing  a  weather  map.  On  such  occasions, 
an  analyzed  weather  map  and/or  prognosis  show- 
ing the  centers  of  pressure  systems,  the  fronts, 
and  isobars  drawn  from  data  given  in  the  coded 
analysis  message  may  meet  the  local  require- 
ments. Also,  in  cases  of  a  communications  failure 
which  precludes  the  receipt  of  facsimile  trans- 
missions, this  coded  analysis  or  prognosis  may 
be  the  only  source  upon  which  a  forecast  may 
be  based.  s 

The  symbolic  form  of  the  International  Analy- 
sis Code  (Fleet)  is  given  in  an  earlier  part  of 
this  section,  Assume  that  you  have  received 
in  a  western  North  Atlantic  shipping  broadcast 
a  coded  analysis  message  as  follows:  .  . 


ASNT     110000  Z 
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NOTE:  In  analysis  messages,  the  heading 
may  read  "Analysis"  or  "ASNT,"  plus  the  date 
and  time  group.  In  the  4-letter  group  "ASNT," 
the  letters  AS  indicate  that  the  message  is  a 
surface  weather  map  analysis  and  the  NT  means 
that  it  is  for  the  North  Atlantic*  . 
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From  the  heading  of  the  message,  first  enter 
on  the  chart  the  date  and  hour  of  the  analysis 
given  by  the  date  and  time  group  110000Z  as 


explained  in  the  preceding  part  of  this  section. 
Now  decode  the  analysis  message  and  plot  the 
pressure  system  centers,  the  fronts,  and  the 
isobars  on  the  weather  map.  (See  figure  13  for 
code  tables.) 

From  ypur  knowledge  of  the  symbolic  form 
of  the  International  Analysis  Code  (IAC- FLEET), 
you  know  that  each  coded  message  begins  with 
a  preamble.  Data  for  pressure  systems,  fronts, 
and  the  isobars  then  follow  in  order  by  sections. 

The  preamble  groups  are  as  follows:  10001 
33388  01100,  The  first  group  10001  indicates 
that  the  message  is  coded  "in  IAC-FLEET,  while 
the  second,  33388,  means  that  the  positions  of 
the  pressure  systems,  the  fronts,  and  the  iso- 
bars arev coded  in  the  form  QLaLaLQL0.  It  may 
be  well  to  mention  here  that  sometimes  the  key 
group  33388  may  be  replaced  by  one  of  the  groups 
33300,  33311,  or  33322.  When  any  of  these 
three  key  groups  appears  in  the  preamble,  this 
means  that  the  locations  of  pressure  systems  and 
position  points  for  the  fronts  and  the  isobars 
are  encoded  to  the  nearest  half  degree  of  lati- 
tude and  longitude.  In  such  cases,  all  position 
points  in  each  section  of  the  message  are  then 
encoded  in  the  form  La£aL0L0k  instead  of 
QL  LaL0LQ;  the  half-degrees  to  be  added  to  the 
LaLa  and  L0Lo  are  indicated  by  the  figure  en- 
coded for  symbol  k. 

The  last  group  in'the  preamble,  01100,  is  a 
date  and  time  group;  the  first  figure  is  an 
indicator  and  is  always  0,  the  second  and  third 
figures  giving  the  date,  and  the  last  two  figures 
the  time  of  observations  used  in  making  the 
analysis;  that  is,  the  11th  day  of  the  month 
and  0000  GMT,  in  this  case.  Data  included 
in  this  group  should  be  identical  to  the  date 
and  time  shown  in  the  heading  of  the  analysis 
message,  i.e.,  110000Z.  . 

The  next  section  of  the  message  withtthe  pre- 
fix 99900  contains  data  for  pressure  system 
centers  to  be  plotted  on  the  map,  81075  05446 
20408  X  81085  05479  50312  X  81098  etc.  Data 
for  pressure  systems  are  given  in  series  of 
three  5-figure  -groins;  the  first  group  in  each 
series  commences  with  the  figure  8  which  is  the 
indicator  for  pr&sure  systems,  Uoing  the  code 
tables,  begin  to  plot  on  the  weather  mdp  the 
data  for  the  first  pressure  system,  its  type, 
character,  central  pressure,  location,  and  its  1 
course  and  movement  at  observation  time  as* 
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Figure  13.— International  Analysis  Code  (IAC-FLEET)  specification  tables. 
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Figure  14.—  Map  showing  plotted  IAC-FLEET  analysis. 


given  by  the  groups  81075  05446  20408.  In  the 
first  group,  the  figure  8  is  the  indicator  for  the 
pressure  system,  1  indicates  that  the  pressure 
system  is  a  LOW,  0  indicates  no  specification 
is  given  as  to  the  character  of  the  LOW,  and 
75  gives  its  central  pressure  as  975  millibars. 

From  the  next  group,  05446,  obtain  the  pos- 
ition of  the  LOW,  the  figure  0  indicates  that  the 
LOW  is  in  the  octant  'between  the  Greenwich 
meridian  and  90*  W  in  the  Northern  Hemisphere; 
the  figures  5446  give  its  location  at  latitude 
54*N,  longitude  46*W.  On  the  weather  map, 
place  a  small  cross  (X)  at  54#N,  46*W,  and 
enter  the  LOW's  central  pressure  975  as  given 
in  the  preceding  group  81075.  Also  mark  the 
center  of  thig  pressure  system  with  an  L  or  the 
word  LOW,  The  Ja&Ms  movement'  is  given  in 
the  third  group,  20408,  The.fijwrj.2  indicates 
little  change  in  the  LOW's  movement;  04  shows 
that  it  is  moving  on  a  course  of  40*,  and  08  gives 
its  speed  as  8  knots.  A  short  arrow  pointing 
toward  a  course  of  4CT*  and  the  figure  8  im- 
mediately underneath  should  be  entered  above 
or  alongside  the  L  on  the  chart. 

s 


On  the  chart  continue  to  enter  data  for  each 
succeeding  series  of  pressure  system,  groups 
included  in  the  message.  After  you  have  plotted 
data  for  the  groups  85021  04159  21025  X,  you 
have  entered  on  the  map  all  the  pressure  systems 
t  given  in  the  message.  (See  figure  14.) 

In  the  next  section  of  the  message,  with  the 
prefix  99911,  note  that  there  are  several  series 
of  groups  and  that  the  first  group  in  each  series 
begins  with  the  figures  66.  This*sectioW  of  the 
message  indicates  the  types,  intensities,  and 
-characteristics  of  the  fronts  as  well  as  the 
position  points  needed  for  drawing  the  fronts 
on  the  map. 

The  first  frontal  system  in  the  message  is 
encoded  in  the  groups  66652  05437  04838  04242 
X.  In  the  first  group,  66  is  the  indicator  for 
the  frontal  systems,  6  shows  that  the  front  id 
occluded,  5  means  that  it  is  of  moderate  in- 
tensity, and  2  indicates  that  its  activity  sliows 
little  change. 

From  the  second  group,  05437,  the  first 
asition"  point  given,  on  this  occluded  front  is 
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at  54*N,  3rw,  and  at  this  point  on  the  chart, 
place  a  small  croes. 

In  the  third  group,, "04838,  the  second  point 
indicated  on  thia  front  is  at  48*N,  38*W,  and 
at  this  location  on  the  chart,  mark  another  <mall 
cross. 


lake 


For  the  last  group  ,04242,  maJcfe  a  cross  at 
42*N,  42*W.  All  the  pWnts  for  this  front  have^ 
been  plotted  and  you  should  now  draw  a  line  con- 
netting  these  points.  Since  it  is  an  -occluded 
front,  the  line  for  this  front  may  be  drawn 
in  purple. 

.Then  plot  the  position  points  for  the  next 
frontal  system  given  in  this  section  of  the 
message  by  the  groups  66411  04242  03849  03765 
X.  In  the  group, 66411,  the  figure  4  indicates 
that  the  system  is  a  cold  front  at  the  surface; 
draw  a*  blue  line  through  the  points.  Continue 
to  enter  on  the, map  the  data  for  each  frontal 
system  included  in  the^message. 

When  you  have  entered  data  for  the  groups' 
66222  05169  0537^  05479.  XX  on  the  phart  and 
have  drawn  a  warm  front  through  the  points, 
you  have  completed  the  plotting  and  drawing  of 
all  of  the  fronts  given  in^this  section  of  the 
message.  *  "* 


S>        ■   ■  - 

Now  you  are  ready  to  commence  plotting 
the  isohars  as  contained  in  the  final  section  of 
the  message.  This  section  has  the  prefix  99922 
and  contains  several  series  of  groups,  each  with 
the  first  group  beginning  with  the  indicator  figures 
44,  for  example,  44976  05546  05348  05444  05546 
X. 

In  the  group  44976,  44  is  the  indicator  for 
Isobars;  .976  indicates  that  the  isoblr  is  for 
976  millibars.  From  The  next  group,  05546,  note~ 
that  the  first  point  on  this  isobar  is  at  latitude  %' 
55*N,  longitude  46#W,  and  place  a  small  cross—r- 
at this  location  on  the  chart.  *  \ 

The,next  group  is  05348  and  you  mark  another, 
cross  at  53*N,  48*W,  while  the  group  05444 
shows  that  the*  third  cross  should  be  placed  at 
54*N,  44*W.  Note  that  the  last  group  05546 
is  identical  to  the  first  position  point  group 
05546  given  for  the  above- mentioned  isobar. 
Thi#  shows  that  the  isobar,  encircles  the  LOW 
which  is  centered  at  54*N,'  46*W.  (See  figur^ 
14.)  Now  draw  the  -isobar  through  the  three 


position  points  just  plotted  on  the  chart  and 
'mark  the  isobar  976.  When  drawing  isobars,,  it' 
is  important  for  you  to  ensure  that  the  isobars 
are  drawn^t  the  correct  angles  where  they  join 
the  front  or  fronts. 

Then  mark  the  position  points  for  the  next  iso- 
bar on  the  map  as  -given  by  the  gr$>ups  44984 
05648  05350  etc.,  and  draw  the  isobar  for  984 
millibars.  When  data  for  the  groups  44008  01080 

01678  020&£   '   14000  X  have  been 

plotted  and  the  isobar  for  1,008  millibars  has 
l>een  drawn,  Jhe  map  is  complete.  The  LOWS 
and  HIGHS,  the  fronts, -and  the  .isobars  should 
look  like  those  shown  in  figure  14.  The  last 
group  in  the  message,  19191,  indicates  the 
end  of  the  analysis  message. 

Note  that4n  analysis  messages,  isobars  may 
not  be  givqn  for  every  4-mb  interval.  As  a 
rule,  where  the  isobars  are  close  together,  some 
isobars  may  be  encoded  in  the  message  for  an 
8-  or  12-mb  interval.  In  such  cases,  the  isobars 
for  the  4-mb  intervals  can  easily  be  sketched  in 
between  those  with  8-  or  12-mb  interval  spacing. 
Over  areas  on  the  map  where  the  isobars  are 
spaced  at  ^considerable  distances  apart  (i*e. , 
around  a  HIGH),  isobars  for  each  4-mb  interval 
are  usually  included  in  the  message. 

It  may  be  well  tor  mention  again  that  as  you 
mark  the  position  points"  for  each  front  on 
the  map,  you  should  draw  the  line  connecting 
the  points  to  complete  the  front  Ixjforc  entering 
the  position  points  for  the  next  frontal  system 
given  in  the  message.  Follow  this  same  procedure 
in  plotting  and  drawing  each  isobar.  Otherwise, 
you  may  sometimes  become  bonfused  in  drawing 
*the&ifronts  or  isobars  if  the  points  for  two  fronts 
\>t Adjacent  isobars  are  close  by.  '  * 


Sometimes  analysis  messages  may  be  re- 
ceived in  which  the  isobars  are  encoded  for  3-mb 
intervals.  In  this  case,  the*  isobar  group  44PPP 
contains  the  value  for  PPP  encoded  in  multiples 
of  3  millibars;  that  is,  999,  002,  etc. 


With  a  little  practice,  you  soon  find  that 
you  can  decode  much  of  the  data  in  analysis 
messages  at  sight.  Thus,  you  will  be  able  to 
plot  and  £raw  a  weather  mapshowingthepressure 
systems,  the  fronts,  and  the  isobars  in  a^ min- 
imum amount  of  time. 


54 


4/ 


$b 


b 


NAVY  RA0FO  MESSAGES 


The  Tleet  Numerical  Weather  Facility  Mon- 
terey and  other  Naval  weather  unite  responsible 
for  (he  dissemination  of  radioactive  fallout  in- 
formation  hormallXuttlize  the  standardized  flavy 


RADFO  m&iage.  This  section  is  designed  to  fam- 
iliarize the  MST  with  thp'symbolics format,  inter*- 
^pr^atiofl,  and  illustration  of  the  Navy  fallout  mes- 
sage. 


Table  }5r— Navy  fallout  message  code  table. 


•  •  •  :  

•  GRQUPt 

\       .  v.  

-  V   -  • — — 

[  f 
REMARKS 

RADFO  .\ 

Radiological  fallout  forettst 
follows  \           •  : 

■  1  

*  * 

•    •  •  atlantic/ 
,     *        *         pacific  , 

Ocean  area\^vered 

Only  one  of  these  groups  is  used. 

> 

1             p            *  •  • 

r                 /        *  . 

>  '  < .  -       1              YYGGGy '  ;  - 
*  *" 

YY      *  day  of  the  mOrjth  (GMT), 

 1  i— 

01  *  1st  day  of  month 

02  p  2nd'dar<^  month  • 

The  date  is  defined  with  refer - 
*  ence  to  Greenwich  mean  time  * 
and  noHocal  time. 

GG      ■  time, to  the  nearest  whole 
hour  (QMT)  at  which  Valid 
time  of  fallout  forecast 
begins 

r  .     K  " 

9 

*  \ 

% 

V 

•  4 

Gv      s  period  of  time  covered  by 

forecast  \ 

t 

% 

J"o>ewst  valid  for  • 
#        X     *  hours 

7   r>48 

* 

Q       *  octant  of  globe 

•  Northern  Hemisphere 

L           180*  ...  90*  E. 

S^Ttx        .  .  .    0#  E. 

Southern  Hemisphere 

7".  .  .    .  180*  ...  90*  E. 
8.             90#  .  .  .    0#  E. 

LftLa  «  Latitude  in  whole  degrees 
of  point  for  which  fallout 
forecast  which  follows  is 
mads 

— "  %  

'  \ 

LX    n  Longitude  in  whole  degrees 
of  point  for  which  fallout 
forecast  which  follows 
is  made 

(The  hundreds  digit  is 
omitted  for  longitudes 
^100#to  180#.) 

-m  2  *  \ — ^ — —  

4 
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Table  15.*-Navy  fallout  menage  oode  (able-Continued 


GROUP 


'WtVt 


f 


DESCRIPTION 


Tv     -  Ftlloetttmplatt  number 
which  appliee 


d.  d,  ■  DtrfcbtlOQ  from  which  the 
h  r    .  tow^ietd  effective  fallout 
~)        wind  blows,  Jmeesurtd  In 
ttne  of  degrees-clockwise 

from  north 


i.e.  *  Low-ytetd  effective  fall* 
L  r     out  wind  speed  In  knotj 


«  Ai  above 


m>^ch 


d^cL.  •  Direction  from  *«ch  the 
H  "      hlfh-yleid  elfecUvt  fall- 
out  winrf  blows,  mtaiure 
In  teni  of  degrees  clock* 
*    wiee  from  north 


*u»w  •  High-yield  effective  fail 
n  n     out  wind  speed  In  toots 


REMARKS 


#  TemplaU 

\   ALFA 

2   BRAVO 

.  .   CHARUE 

\.\   DELTA 

5  ,  /   ECHO 

5  .  J ,  ,  ,w  ,   FOXTROT 


-J 


Ujiedlj 
RAtTFO 

QL  L  L  L 
MU%  a  o  o 


/   The  following  li  the  symbolic  fo 
trammlttfng  Navy  falloyi-messages:^ 
ATLANTIC/PACIFIC  TiQQO% 

VAVt  C  VhVk,H  QLaWo 

Tho  varloue  groupi  Included  -In  the  Navy 
fallout  menage  ihould  be  Interpreted  ae  ihown  , 
Irf  table  15. 

The  following  li  a  sample  fallout  menage: 

RADFO  ATLANTIC  09184  03070  22550  32950 
03080  23230  227^0  ...  RADFO  means  a  Navy 
radiological  fallout  forecaet  followi. 

ATLANTIC  meane  the  fallout  message  In* 
volves  the  Atlantic  Ocean  area. 

(09184)  09  meam  {he  forecaet  li  for  the  9th 
day  of  tho  month,  18  me'ajie  the  valid  time  for 
the  forecast  starts  at  1800  GMT,  and  4  means 
the.  forecast  Is  valid  for  J2.houn  (Until  0600* 
GMT  on  the  10th  day  of  the  month).  ' 

(03070)  0  means  the  point  for  which  the 
forecast  Is  made  Is  located  In  the  Northern 
Hemisphere  between  longitude  <T  and  9<TW.  30 
means  the  latitude  of  the  point  Is  30*N.,and  70 
means  the  longitude  of  the  point  Is  70*W. 


(22550)  2  means  the  fallout  area  Is  delineated 
by  the  pattern  of  template  BRAVO;  25Jndtcates 
that* the  low-yield  effective  fallout  wind  Is-from 
250,~therefore,  the  true  bearing:  of  the  fallout 
trajectory  "Is  070*  (flgute  15);  and  50  Indicates 
that  the  low-yield  effective  fallout  wind  speed 
Is  50  knots. 

(32950)  3  means  the  fallout  area  Is  delineated 
by  the  pattern  of  template  CHARLIE;  29  Indicates 
that  the  high-yield  effective  fallo*  wind  Is  from 
29C  -therefore,  the  true  bearing  of  the  fallout 
frajeotory  Is  110*;  and  50  Indicates  that  the  high- 
yield  effective  fallout  \£lnd  speed  Is  50  Jnots. 

(03080)  means  the  next  forecast  point  Is  In 
the  Northern  Hemisphere  at  3<TN.  and  80*W. 

*  (23230)  Indicates  that  thf  low-yield  fallout 
affca  Is  delineated  by  template  BRAVO,  the  effec- 
tive fallout  wind  is  32(T  or  the  fallout  trajectory 
bearing  Is  140\  and  the  speed  Is  30  knots. 

(22760)  indicates  that  the  high-yield  fallout 
area  Is  delineated  by  template  BRAVO,  the 
effective  fallout  wind  is  270*  or  the  fallout  tra- 
jectory bearing  Is  090\  and  the  speed .  Is  60 
knots. 
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ICE  OBSERVATIONS 


Ice  observations  are  made  from  aboartiship*, 
from  land  ordrifting  ice  stations,  and  fpofti  air- 
craft, with  each  type  of  observation  offering 
Specified  information,  A  comprehensive  deScrip- 
•  tion  of  ice  conditions  requires  a  combination  of 
•the  three  types  of  observations. 


v. 

OU\J 


As  a  shipboard  observer,  you\ are  in  a 
position  to  examine  closely  the  ice  immediately 
^unwinding  your  vesseL  With  this  vantage  you 
must  determine  accurately  the  texture  and  sol- 
idity of  the  tee,  variations  in  thickness,  .state 
»    of ,  deterioration,  and  other  features  requiring 
#.close  contact  with  the  ice;  As  a  shore*  or  (fee 
station-based  observer,  you  must  accurately 
measure  such  features  as  topographic  h6Jgfcts, 
thickness  of  ice,  and  depth  of  snow  cover;  Also 
as  either  a -ship,  shore,  or  aerial  observer,  you 
must  \$  able  to  evaluate  the  observations. 

Ship  and  shore  observations  are  limited  to 
small  areas  around  the  stations;  therefore,  the 
data  from  each  observer  is  local  in  nature. 
The  helicopter  has  expanded  the  observer's  faor-^ 
izon,  but  helicopter  observation  ii  considered  a 
tactical  operation  providing  short-range  "re- 
connaissance. 

Detailed,  firsthand  information  provided  by 
ship  and  shpre  observers  is  complemented  by 
long-range  flights  of  aircraft  which  provide  in- 
formation on  the  concentration  'and  extent  of  the 
ice  pack  over  great  areas  and  of  large-scale 
changes  that  may  affect  sea  operations  and  shore 
conditions. 

If  possible,  you  should  prepare  sufficiently 
in  advance  of  an  arctic  operation  by  obtaining 
pertinent  publications  and  required  training  aids. 
A  number  of  informative  arctic  exploration  films 
issued  by  the  U.  S.  Navy  may  be  obtained  on  loan. 
Photographs  illustrating  various  techniques  used 
in  ice  observation  are  also  available,  and  a  num- 
ber of  publications  containing  useful  information 
have  been  prepared  by  the  Navy. 


Several  publications  of  gre&help  in  observing 
and  reporting  ice  conditions  include  N.O,  Pub, 
609,  MA  Functional  Glossary  of  Ice  Terminology," 
and  the  World  Meteorological  Organization  (WMO) 
Illustrated  Ice  Nomenclature  soon  to  be  published. 
The  latter  supersedes  the  former  inmost  in- 
stances. However,  N.O,  Pub,  609  has  been  re- 
tained, because  it  contains  pany  terms  used  in 
the  y,  S.  which  do  not  appear  in  the  WMO 
putflication.  In  -addition,  the  WMO  Floating  Ice 
Nomenclature  defines  all  terms-  in  the  Illustrated 
Nomenclature.  The  Floating  Ice  Nomenclature 
also  provides  foreign  language  equivalents  for 
each  term. 


CHARACTERISTICS  OF  ICE 
S  * 

ICE  OF  LAND  ORIGIN 
k 

Ice  of  land  origin  in  the  sea,  though  often 
spectacular,  iS  of  minor  importance  in  arctic 
operations  except  in  localized  areas. 

Icebergs  are  large  masses  of  ice  calved  from 
the  fronts  of  glaciers,  from  glacier  ice  tongues, 
or  from  the  shelf  ice.  of  Antarctica.  Smaller 
masses,  termed  bergy  bits  and  growlers,  origin- 
ate, like  bergs,  from  glaciers  or  are  formed  by 
the  disintegration  of  icebergs  and  other  tnasses 
of  land-formed  ice,  (See  figure  15,) 

ICE  OF  SEA  ORIGIN 

Certain  properties  of  ice  in  the  sea  should 
be  measured  and  recorded  by  ice  observers. 
The  following  paragraphs  describe  briefly  the  ice 
characteristics  that  are  observed  and  reported 
to  the  Naval  Oceanographic  Office, 

Concentration 

Determine  the  total  ice  concentration  as 
well  as  the  concentration,  size,  and  age  of  various 
ice  floes  within  the  total  ice  concentration. 
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Ice  Age  , 

Older,  harder  ice  can  be  distinguished  from 
newer,  softer  ice.  Second-year  or  older  ice  will 
often  appear  in  fields  of  first-year  ice  as  a  light 
blue  island  surrounded  light  green  or  gray- 
blue  ice.  Determine**!!  ages  if  more  than  one  age 
is/present. 


^"^SBowjCover 


Figure  \£T—  Relative  sizes  of  ice  masses  of  land 
origin. 


(See  figures  16  and  17.)  All  ice  observers  are 
concerned  with  coftcentration  within  a  prescribed 
4pot,  but  ship  and  shore  observers  are  primarily 
concerned  with  the  concentration  in  their  im- 
mediate vicinity,  *nd  aerial  observers  with  the 
concentration  over  large  areas.  Estimate  concen- 
tration to  the  nearest  eighth. 


Relief  and  Topography  j 

Relief  is  the  verticil  distance  between  the 
highest  and  lowest  points  on  the  ice.  The  top- 
ography, or  configuration  of  the  Ice  surface,  is 
described  in  qualitative  terms,  such  as  rafted, 
Hat,  hummocked,  etc.  Heights  of  ice  features 
can  be  estimated  most  accurately  from  the- lower 
weather  deck  of  a  ship  or  from  a  low-flying 
■airplane.  More  accurate  measurements  can  be 
made  by  ship  and  shore  observers  on  the  ice. 


Ship  and  shore  observers  s{iould  estimate 
or  measure  directly*  the  depth  of  the  snow. 
Aerial  observers  should  estimate  the  areal  cover- 
age of  the  snow. 

Puddling 

Puddles  and  frozen  puddles  are  easily  iden- 
tified. Frozen  puddles  appear  to  shore  and  ship- 
board observers  as  greenish  ground-glass  patches 
against  a  lighter  background.  To  the  aerial 
observer,  puddles  beginning  to  freeze  appear  ashen 
gray,  whereas  puddles  frozen  solid  are  powder 
blue.  To  the  shipboard  and  shore  observer, 
puddles  that  have  melted  through  the  ice  appear 
the  same  shade  and  color  as  open  water.  These 
puddles  appear  almost  black  to  the  aerial  observer. 

Water  Features 

The  number,  type,  and  orientation  of  water 
features  may  be  determined  readily  for  {particular 
areas.  Because  ship  and  shore  oteeryers  have 
a  limited  scope,  they  probably  will  not/qg  able  to 
determine  the  overall  charslAtoticA  of  distant 
fractures  and  polynyas  (l^B  kjgf  open  water 
other  than  fractures)  as  weH^Wro  aerial*  ob- 
,  server.  Open  and  newly  .frozen /features  should 
be  noted.  Artificial  fracture^  should  not  be 
considered. 

Fast  Ice  ■ 

Any  sea  fresh-water  ice  attached  tatheshorfc 
by  stranding  or  by  other  means  is  called  fast 
ice.  Glaciers  fronting  the  sea  are  consida 
part  of  the  land.  Shore  observers  are  bestjlf 
to  describe  local  changes  in  the  characteristics 
of  this  ice. 

Thickness  of  Ice 

Shore  and  shipboard  observers  can  accurately 
measure  ice  thickness  with  equipment  such  as 
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pool  take  top 


Figure  16.-  Relative  sizes  of  sea  ice."' "> 
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Figure  17.-  Representative  ice  distributions  for  determining  ice  concentrations. 
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augers  or  saws.  Shipboard  observers  can  reliably 
estimate  thickness  from  lower  weather  decks  as 
the  ice  'I*  turned  on  its  eilge  by  the  ship.  Aerial 
observers  jshould  not  attempt  to  estimate  ice 
thickness,  ixcept  as  it  is  related  to  age* 

Ice  of  Land  Origin  f 

*  The  number  of  bergs,  bergy  bits,  and  grow- 
lers will  be  determined  for  the  given  area. 

ICE  LOGS  AND  CODES 

The  Ship-Shore  Ice  Log  (NA  VOCE  ANO-EXP- 
3167/54)  and  the  Aerial  Observation  Log  (NAV- 
OCEANO-3930/7)  have  been  devised  for  coding  tee 
information  in  a  format  tentatively  adopted  by  the 
World  Meteorological  Organization  (WMO).  Since 
the  WMO  code  is  unified,  it  is  usable  with  any 
observation  platform  when  proper  procedures  are 
employed  Certain  minor  differences  exist  in  the 

•  code;  however,  these  differences  are  readily 
apparent  when  the  proper  log  is  used  for  the 
observation. 

The  WMO  ice  code  is  a  numerical  "spot" 
code  (figure  18);  that  is,  the  observations  depict 
ice  conditions  at  a  given  location.  A  circular  area 
of  one  kilometer  in  radius  for  ship  and  shore 
observation  and  a  semicircular  area  two  kilo- 
meters in  radius  for  aircraft  observation  have 
been  defined  as  the  spots,  and  the  basic  obser- 
vations cover  ice  conditions  within  these  areas. 
Provision  is  also  made  for  reporting  ice  ob- 
served outside  the  boundaries  of  the  spots  by 
use  of  optional  groups.  These  optional  groups 
are  exceedingly,  important  since  they  permit  the 
observer  to  record  large-scale  features  which  do 
not. fit  within  the  spot. 

The  code  format  consists  of  sevA^al  5-digit 
information  groups  preceded  by  a  message  identi- 
fier group.  The  message-identifier  groups  are 
ICE  AC,  ICESH,  or  ICECO  and  are  used  to 
identify  observations  from  aircraft,  ship,  or  shore, 
respectively.  Information  groups  consist  of  man- 
datory f  supplemental,  and  optional  groups.  Man- 
datory groups,  always  reported  when  an  obser- 
vation is  taken,  consist  of  position,  time,  and  ' 
basic  ice  information.  Supplemental  groups  are 
always  reported  if  the  pertinent  featuJres  are 
present.  Optional  groups  should  be  reported  when 
boundaries,  water  openings,  and  certain  ice  fea- 
tures exist  outside  the  spot. 

SHIPBOARD  OBSERVATIONS  AND  CODES 

SHIPBOARD  OBSERVATIONS 

Every  vessel  operating  in  the  Arctic  or 
Antarctic  zcyies  should  make  systematic  ice 
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observations*  When  you  are  aboard  such  a  vessel, 
make  observations  at  least  every  six  hours  when 
the  ship  Is.  hove  to  or  beset  by  ice.  If  overall 
ice  conditions  are  changing  within  fairly  short 
periodSi  make  observations  more  frequently. 

Study  of  ice  from  shipboard  can  provide  re- 
liable information  concerning  ice  cove  rage  within 
close  range  of  the  ship,  such  as  relief,  topography, 
age,  puddling,  size  and  orientation  of  water  fea- 
tures (fractures,  polyny as,  etc.),  and  estimates 
of  ice  and  snow  thickness.  * 

You  can  make  detailed  periodic  observations 
of  ice  conditions  regardless  of  the  weather, 
whereas  as  m  aerial  observer,  you  must  limit  ^ 
your  study  to  ice  areas  #not  obscured  by  over- 
cast. From  the  lower  weather  deck  of  a  ship, 
you  can'  estimate  the  thickness  of  snow  and  ice 
as  the  ship  upends  the  ice.  Whenever  you  can 
get  onto  tiy»  ice,  you  can  make  accurate  measure- 
ments of  ridge  heights  and  snow  and  ice  thick- 
ness. From  the  crow's-nest  or  the  wings  of  the ' 
bridge,  you  can  estimate  accurately  ice  coverage, 
type  of  ice,  and  size  and  orientation  of  water 
features. 

J  . 

Ice  analysts  and  forcasters  can  give  better^ 
support  to  a  ship  which  provides  accurate  ice 
observations.  Dati  for  arctic  regions  are  sparse; 
therefore  accuracy  is  essential.  Safe  and  rapid 
passage  of  ships  in  arctic  waters  can  be  assured 
only  if  observations  are  taken  with  experience 
and  care. 

REPORTING  PROCEDURES 

Ice  repoHing  codes  for  ship  and  shore-station 
observationsvare  almost  identical,  and  observing 
procedures  are  very  similar.  Consequently,  ^sin- 
gle log  has  Wbn  devised  for  use  with  both  types 
of  observations!  The  Ship-Shore  Ice  Logis  a  self- 
contained  log  (fflgure  19)  complete  with  instruc- 
tions for  takinr  observations)  encoding  tables, 
definitions  of  pertinent  symbols,  and  other  re- 
quired information. 

Study  instructional  cover  sheet  of  the  Ship- 
Shore  Ice  Log  carefully  before  commencing  your 
observations.  Preliminary  preparation  insures, 
accuracy  of  observations  and  prompt  receipt  of 
fitto^mation  by  the  user. 

Figure  20  illustrates  a  sample  Ship-Shore 
Ice  Log  Instructions  cover  sheet;  however,  the 
two  parts  of  the  Instructions  entitled  "Instructions 
for  Coding  the  Ice  Log"  and  "Observation  Hints'  » 
are  not  shown.  Figure 21  shows  the  encodingtables 
of  the  Ship- Shore  Ice  Log, 
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NOTIS:/> 


f  •    TfW  cWt  iWMt  ICIAC.  ICf  SH,  «*4  KTKO  f  w*4  m  m  pttftx  *•  Hw  rtyft,  rf^Katmf  ttwt  it  it  •  »•* 

tt*  tliM  aMtwdt  fr*w#  mi  <IAC  W«  (WW     ///,  (f  «bi«r»1i»n  *•»  tm^titW*  4v«  t*  ««ftft««, 

f*t,  #k.,  *«4  00000  tf  *+  ret  n  ^m*m.  tf  ic«  is  •»Mrv<d  •ytu***  tt»#        *t»*fi  if  u**»t 

%,    Wh#n  (<♦  1 1  •fcuftlrf  Hl#  #f  tnt  ftftf  ftvv  <yr  ivy  t  ft  w^Wttory.  Of9V0t  wiA  ift^ltlHf  Hf  wf  M 

3  tv  7  p^cfiwlnv       0  tto#)lt  fcv  i^ctw^v^  vflfy        fvtv^vv;  ^H#flGwvfl^  #cv  pfttvfit  svjt^^fv#^# 

»--*■--      ftfc      J<-       -*  -.  ^  ■  •  1^ 

THii  t#cff#^  cvfttvi^t  i^Vfl^#)tfV^  v^  lev  cv^^ttiVrtt  vvttiv^v  iHv  tv)#t*  Its  W4  ii  v^tf#^#)l#  0#^#ft^ift^ 
m.  Itm0,ht7. 

•iim  ijVt*^  /ViVi   ViVi  ■  VfMfiu 


Lai.  t 

•  * 
III**   'r^iVt  00ittlt,i 

It  m«y  to  ftt<HWy  t«  rtf«ft  Mv«r»l  ic«  w«Hf  ftahirtt  «vHj««  rK«  t»«t  (a  thii  c«M  fK« 
•«Hf«  t«t  «f  fr#w»«  r*MW  t«  *«<h  «f  »♦»•  r««Httiv«  ft«fvrti  iK«wl4  %t  rt»«rt«4,  th«  fint 
fMtwft  toi<t«  tWk«M  ty  (to  ff«v*  lilt  I,  tto  11123.  tk. 


Figure  18.-  WMO  Sjpot  Ice  Code. 
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SHIMHOit  ICS  LOG  INSTRUCTIONS 

C*N€*At  ^ 

Tfct  S*u*-St*t*t  k#  Uf  »•  4ti*t*t4  *  %*t*  Mtiit  Wk 
rfttt  rtctrrfing  Jittt  ftf  ret  tkwrr#f*  tnrf  tt't  f</i4t  ftr  tht 
trtnimimtn  tfTt4trf  ict  mtiMHl.  Tht  ctm*lttt4  f*m% 
tutiH^  ft*  tht  rfttt 'ct«*tJ  trtjrtm  tf  tht  U.S.  N«*,| 

OCHMf^K  Offict        It  Uf«  !•  fill  m  t||  HfH^t  ifM,,  ^ 

tt»»  farm,  Inirrvctifn  Ur  fillinj  m  Hiit  ft«*  tnrf  f*  H*nm*u\ 
tf  mtlltftt  ctn  bt  ftvn«  bt'tw  OKtf  ptffintnt  inf«m«h«n 
ii  ftvn4  in  Tht  WMO  flttting  Ict  Mtmtnclttvrt  tn4  rtit 
WMO  HlvttratW  kt  Ntmtndttvrt,  it*fi  tt  bt  »vbl«ht4 


DEPOSITION  Of  *KO*0S 
1      Shtft  Stttitn     Mtil  rht  ctm?lttt4  1*9  1W1  mtniMy 
tt  tht  Nttitntl  Octontgrtph.^Ottt  Ctnftf„  WtihinffMn.  0  C 
20390 

2^  ,Sh^  Stttitn  Ctm»latt4  Itf  ihttti  wtM  b«  mo.M, 
tfttf  tnrtriQg  M*V*»  «ht  Nttitntl  Octtf»«grtth.c  Ottt  Ctftttr. 
WtihtnfHn,  0.  C.  20390 

*AOK>  MESSAGE  fEPOATS    \^  ^ 

1  Shtft  Stttitn  Ftlltwinf  tht  tbitrvttitn.  tht  tct 
mtutft  wilt  tt'trtnim.fftrf  »t  NAVOCEANO.  WASH  .  0  C 

2  Ship  Stttitt     Ftlltwin*  tht  tbttrrttitn.  tht  xt  I 
mtutft  will  bt  trtfttmitttd  rt  rht  tM'Ohttt  tlttt  Wttthtf 
Ctntrtl  tr  Flttl  Wttthtr  Ftcilify.  mn4  tt  NAVOCEANO  I 
WASH  „  0  C 

3.  Ship  HtNctpttf  *tptrt».  Tht  tbttrvthtn  will  bt 
tftmmitttrf  whtn  tht  htdctpttf  trnvti  b«<k  tt  tht  ihi»  If  will 
bt  ct«iirftr»rf  t  ittotl  tbitrvttitn  t*4  wilt  bt  ftJItwtrf  by  tht 
ktftrt  HlCm  m  tht  rt4tt  mtiMft 

*     Ctlwmn  70  tf  tht  ttf  will  ntf  bt  trtn»mi»t4. 
5.    Ctlwmm  1  thrttfh  17  tf  tht  Itf  trt  m«n^try  tnrf 
will  tlwtyt  bt  rrtntmirttw 

4.  Ctlwmm  If  rhrtvgh  52  tf  tht  Itf  trt  mptUm***! 
tn4  will  tlwty*  bt  mmmrtftw  whtn  tht  ftttwrt  it  tbttr«*4. 

7  "  Ctlwmnt  S3  thrtugh  49  trt  tptitnti  grtupt;  tn4  trt 
trtmmittt*  tnly  ,f  .ndictttj  »ht*tmt?w-tvHi4t  tht  iptt  c«n  bt 
tbttrvt*  Ai  mtny  tf  thttt  frtv»«  *ht«H  it  *tnt  ti  «t 
ntctmry  tt  rftxnbt  tht  ict  ctndthtni. 

ACQUISITION  Of  FOAMS 
ShtyShtft  tct  Itf  ftrmi  mmy  bt  rttw<i<htnt4  t»  ftlltwv 

1  N«»tl  tctivititi  in  tht  AHtnttc  Aftt  Ondwrf^f  tht  (Ml 
tf  Mtuct.  ftntmt  Ctntl  Ztnt.  Ewrtfittn  tnrf  Mt^ttrrtnttn 
Art«)ihtwl4  submit  tfdtn  tfl  ftfm  OO-1 149  ft  tht  Oc<tntf  ftthic 

•  Oiitnbvtitn  Offict.  U.  S.  Ntvtl  Ssippiy  0t>w».  510 1  Ttbtr 
Avtnwt,  r*hil«4tl»hi«,  Ptnniylvtnit  19)20. 

2  Ntvtl  tctivrtit«  in  Iht  >tcitic  Artt  (»fxlw*nf  tht 
Altiktn  tnrf  Anttrcftc  Artti)  ihtwM  wbmjt  trrftn  tn  ftm 
00.1 149  tt  tht  Offictr  in  Chtrft.  U  S.  Ntvtl  Octtnb*rtr>hic  ' 
OiUnbutitn  Offict.  CltffttU.  Utth  14015.' 

3  Othtr  tftnciti  mty  tbttin  ihi^htrt  ict  Itf  ltm% 
ifm  tht  Nttitntl  Octtntfrtphic  Ottt  Ctnttr.  Wtihtnattn,  0  C. 
20390  I 

INSTRUCTIONS  j 

I  G^ntrtl 

Tht  tbitfvtf  thtuW  btctmt  fully  t«ui«ntt4  with  tht  WMO 
let  Ntmtndtfurt.  which  ctn  bt  ftwn4  in  Pub.  Nt.  4044.  Sinct 


twth  twttfvvh^  c«n  nttkt  •  vtfvtbJt  ctntnbvfitn  tt  tht  Ktitnt 
kAwwItrfft  tf  ict.  rt  thtvM  bt  mm4*  ctrtMly  tnrf  thtftufhty 
OiMy  th««tt  ctn4ihtnt  »f»nH  tt  tht  hr»t  tf  tht  tbMrvttttn  will 
bt  rtptrtttf  MtfWttt^r  •«4  WtpltmtMtl  ict  frtupi  will  bt 
rtttrttW  within  •  tnt- kiltmtttf  r«4iwi  tf  tht  tb«trvtf 
Stt  fifgrt  A  f 

'  \ 

llMfTS  TOt  AgPOATINO 
THE  VARIOUS  iGtOUPS  ON  TH6  ICE  IOC 


ncUK  a 

Tht  tfctfvtf  will  rtMft  oiy  tphtntl  fftv»  ittn  within  tht 
limit*  tf  nubility  (t.f  ,  tht  ictltrfft  whtft  hy  ftirly 

tttn  w«ttf  t«  t  flyny  tr  j  «htn  in  cltit  tct)  ,  Stt 

fifwrt  A".  Vmbility  >i  #tfmt4  ti  tht  htrutnttl  rfnttnct  tt 
which  yrtmintnt  tb^tctt  c«n  bt  ittn  %n4  p+M»*iY  i4tnhfit4  by 
tht  wnt*4t4  tyt.    Stt  fifvrt  I. 


HOW  TO  REPORT  VISrfJtfTY 


AVftACf  VIStMUTY 

4km  , 

4+2+2+2 

A 

L  2km 

=  2.5km  ' 

of  ctwt  5  of  tobit  2 

/ 

If  tht  tbitrvtf  fi  Itcttt4  in  t  Ittd  tr  Mlynyt  m  whic^ 
tht  nttrtit  ict  btwnrftryu  f  rttttr  thtn  t  4nttnct  tf  700m, 
ftptrt  tht  ttttl  ctnctntrttitn  (Cr)  tf  tht  ict  within  tht  Ittd  tr 
Mlynyt.  Stt  fifwrt  C.  If  tht  nttrtit  ict  btwnrftry  n  |«i 
4nHn<%  tf  700m.  rtptt  tht  ttttl  ctnctfntrttitn  within  tht 
tnt  -  kiltmtttr  rtWmi.  Stt  figtrt  0.  In  btth  inttsncti,  fpfi 
»ht  pttynyt  tr  1—4  ti  tn  t#titntl  grtu»  with  bttnng  tn4 
rfuhtnct  bt*  rtctrrftrf  tl  ttrt 


Sui 


/ 


CONCfNTXATiqH 
WHCM  tOCATf©  WITHIN  A  KXWYA 


COWOKTMTION  \Cj)  %% 

\ 


CONCENTRATION  (CT)\ 

noutc  o 


Follow  with  optional  frowpi  at  roa.wtfta'  fa  doKfib*  aiJ 
aptianal  foatvroi  proton*.  Optional  frovpi  nopr  tha  horiion 
cannot  bo  occvottly  othmatoa'  an*1  ihauU  ba  ifWraf.  Whan 
la^toa1  In  .<;#  fr»*  wafor  bvt  within  viwblo  l,m,H  of  an  «o  tapa 
a*  •  bovnaary,  ropart  MWfl  optional  frovpv  If  it  *  <m*M«y 
ta  0*0  maro  than  ant  Mt  of  optional  pravoi  c.fv+irv^  «*  At  (m, 
,  Afoctty  baJaw,  vttna.  tha  oppcapnata  cWvmm, 

M  r War  ii  «v«il«fci«4*t  ro«V  btarfftft  ana1  tfithfiKat  ta 
♦ho  ic#  tOft  wfconoVo*  pouiblo  too1  at  obttrvati'ofli  o*a 
a*paoaJly  M  rf  oVinau  p#  «»biUy  rotfrkfconi  mat*  vru«! 
abtarvahan  diffrtulf  9t  impaiubJo 

CoJvmni  2  thftufh  3  wtJ!  bo  rapartaoJ  by  »h.p  MiNm 
a*  opotatin|  lo<atiani  withovt  iaa*o  fw«4«r».  CoJumnt  a.  7, 
an.»thf**a>  12wdlba?opo^adybyihojftihitia«rt.  Na«o 
thai  coJvmn  |  it  roportoo'  tJtffooonHy  fa*  iMp  a**  utipm." 

If  *a  iu  it  aboofvool  within  tha  Mt-bt«N(«f  ci«lo  tha 
indicator  and  J««ti«n  provpt  will  bo  ton*  fallow**1  by  cdvMt 
1 3  th,ogf  K  1 7,  tmM  0.  Any  fomounina  r  ovp*  rapafooj 
ba  aptianal  ff«wpi  aotcribinf  ica  fowtvra*  ovhia't  af  fha  o*o- 
knr  «oa  If  na  ict  it  abitrvoa'  bocovto  af  darina**  a*  ^ 
-**i»wili»y;  column*  1 3  thrpufh  1 7  w*M  bo  coaoa  /  In  bat*  onaf, 
tt  rpajpr  It  avOtlablo.  optional  OOtta"  an  ro4omop« 

IffO^pYOfOjtlp*  Can  ba  taftt. 

,  Co**»        *tianaaJ  to  ba  wsatJ  fftmHiy  hmm  matton* 
ob  tarvatian*      If,  howovar,  *  it  aou/oa1  »•  «p#«n4  fK* 
.ct  ^«  t«  fl  mtiw«l«t,e«l  «Mffv«tM  #f  any  >yM.  Ifct 
•pp#«P «*etf^.f/«f.  ICtSM  •#  ICfCO,  iamM  f«li«w  ++ 
wt«fH«,  rtp«H  bllswtv  imma^Mtly  by  #»  .cp  ^«t«,  •mrttm9 

2.    Snip  Slaft«n 

$Hipb««f4  tbiifwi  will 'mmkm  «n  u«  •»*#r««fi«n«*  fn« 
hm«  ict  t^t«  it  firil  M#n;  Mk»«fu«nHy.  tn  K»  MMr* 
MfiPA  will  W  Uk«n  f*x  h««  My  «t  OOZ.  042,  I  2Z,  *aW  f  82 
whilt  «p«f«tinff  m  ttv«  ic«  »f  m  *wt»  «f  Hm  k#  b«vn4«ry.  0« 
vt»f«J  frnm  t«<K  cnnvny  will  m«h«  Hi«  •«i»r«wti«i. 

\  A«tfHi«n«lly«  «ny  ih.p  «r  ffflup  #f  ihip,  wp-f-ft^  ff#m  ^ 
CMvpjr  •f-.nny  ihip  rxvit«tmf  In*  ic«  will  ,mhf  m 

•b.itmnt  prpfrpm.    Whilt  «t  »««,  tn#  ict  Mttrvchtnt  wtll  bt 
«*«^t*l  )kt  ubtdttlW  fimtt  ftftr^ltu  «f  tb«  ht«^w«y  bt** 
m%4*>    M^kt^w  rtptfti  wilt  bt  ctntiit^  «s  t  'iptdtf  • 
ihipbttf^  tkltrytfi'tn.     Tht  t«tiHl4«'  •*4  Itftfitgrft  «f  •  K«lt< 

-  ctpttf  •b«tfv«Htn  trt  p^tKinVfy  wnpMnf, 
3-    $h#f%'  Station 


b. 


SH*ft  iHhn  tbttrvtn  will  mabi  tn  Kt  tb^t/vOTf,  ftvr 
bintt  4m*r  *i  OOZ.  Cy-Z,  1 2Z.  tn«-  I  |J.  CtJ«n»n»  2  tk«v*n 
5  will  n«4  bt  r«p«rtt4  by  in^t  »J«hani  tictpf  wh.n  ftpt^^t 
^  •*  •f^«t"«t  bnHM  wbicb  Kti  n^  bttn  ttutnW  «n 
mHt**tm*i  (ntfti'mimbtf  TKt*t  iM*«ni  will  bt  ir**H4  ti  shfpfl. 
4  Spto^  Obtmtitm^SVip  md  SW« 
A#  ««4ih'tn«l  tbitrvOTtn  will  bt  m«4t  wktn  tnr  tf  tf* 
Wtwinf  cht nfti  tccvrt 

a«not  tf  2/1  in  ttftf  kt.  ct»Ktn»rthon. 
Chtnft  in  ftMt  3A  font  any  ont  of  tht  MlawK>f 
'irt^rovpi  fa  tny  tthafi  * 
I     Caat-0.  I,  2         2.    Coaa  3.  «.  5 
3     Cofa  a  4     Ca«a  7,  I 

1  Carfaf 

Chanft  in  tablt  A  tf  any  ant  tf  tht  ftlltwmg 
hvt  grtvpt  ta  any  athtt t 
I.    CWtO.  1.2.  3     2.    Caaaa,  5 
3     C*dtd.  7.  •         4.    Coaa  9 
Chonft  «n  tobJt  3  of  anr  tnt  af  tht  fotlt^Mvg 
^  fravpi  ta  any  afhaft 
'     CorftO.  I.  2        *2.  Ca^a3.4 
3     Coda  5,  4.  7        4     Ca4a  I.  9 
Otanf t  m  tablt  7  tf  any  ana  tf  tht  follow** 
*foo  grovp*  ta  any  o*hor<  u 
I.    CoaaO.  1.2.  I      i. 11  Caa-o  3.  4y  5,  4.  7 
3.    Coaa  9  * 
Chanfo  in  toblo  I  I  «f  .ny  w  ,f  H»a  fallow** 
*»»•  f  raupt  ta  any  athaft 
1     C^*0  2.  Caaal.2 

3     Coat  3.  a  4.  Coa-ti.* 

3.    Coaa  7.  I  • 


f 


Figure  20,—  Ship-Shore  Ice  Log  Instructions. 
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QUADRANT  OF  THE  GIOIE 


lOAfrtVOt 

North, 

to** 

3) 

Wh 

5) 

SmA 

w«t 

7) 

Htrttt 

Wt*t 

(2) 

• 

VISIIIIITY 

JV) 

0) 

50m 

M 

50—  -  200m 

2) 

200—  300m 

3) 

300—    1 ,000m 

4) 

1—  2km 

3) 

2—  • 

'*) 

4—  101cm 

7) 

10—  20km 

«) 

20—.  50km 

•) 

30  t  moro  km 

(3) 

1. 


; 1 


CONCENTRATION 
(Cp.C,,C„C  C..C,. 

cq.c4,cv,c5,  cPx.c,z) 

'/j  «kta 

1  ok* 

2  «k)M 
3ok»0*< 

4ok%» 
5  *kte 
ookh* 
7oktoi 

•  ok*o»  wrth  ooomnoj 
I  ok  to*  wftKtvt  oponmgs 


M 


(3AJ 

CONCENTRATION 

(C.  cxj 

0)  Nt ,ct 

1)  1  otto 

2)  2okt„ 

3)  3w»« 

4)  4oktos 
j5)  5  oktot 

4)  ooktos 

7)  7okte*' 

•  )  •  tkhw  with  ooonmgt 

P)  I  oktoi  without  tpontnot 

/)  Undtttrminod 


(Fp, 
0) 

M 
2) 
3) 

4) 
5) 
o) 
7) 
«) 
♦) 
/) 


FORMS  OF  ICE 

FS'F.'Fq<Fu<Fp,). 
No  form  of  tct 
Now  #ct#  mlt*  < 
Poncokt  ict 

•roth  i«,  tmoll  ,<#  ctkti, 

ict  coktt 
Smofl  Jet  floos 
Mtdivm  Jet  flott  • 
•if  *et  Hoot 
Vott  kt  foot 
G*oftt  ■<•  fl*ts 
«  Pott  >ct 

1  Uftdottrmtnod  or  unknown 


&0 


(5) 

STAGtS  Of  DEVELOPMENT 

(S|.S2.  s3.  $4,s5.sl2) 

0)  No  iio9#  tf  dtvofopmtr* 

1)  Froiil  i<t,  grtOtt  Kt. 

»lu*K.  *Kyoo  \ 

2)  k»  find,  (fork  Allot. 

tight  mloi ' 

3)  Cfoy  <t 

4)  Groy-whrtt  «c» 

5)  Thtn  f»rii-ytor  ic« 

•J        Medium  fint-yMr  >ct 
7)        thick  htytywt  K« 
•)       $ocood/yoor  ico 
•)        Muft^yoof  km 

Undottrmmtd  or  unknown 


<*) 

TOPOGRAPHY 

*<TrT2) 

0)  Uvot  Kt 

1)  RoftodKt  / 

2)  ftngtr.raHtd  >ct 

3)  Hummocks 

4)  Nrw  tidots 

5)  Woothtrtd  ridoo* 

6)  Vtry  wtomortd  ndftt 

7)  Af«d  rtdfts 

•)  Contohdottd  ndiri 

•)  Stondmf  floo 

/)  Ufvd«Hrm.rv»d  «r  unknown 


EXTENT  OF  RIDGING 
<R.)  N 

0)  No  Odftnfl 

1)  1/10—2/10 

2)  3/10 

3)  4  10 

4)  '  5.  10 

5)  o  10 

6)  710 

7)  I  '10 
•  )  flO 

•)  10/10  *  • 

/)  Undtttrminod  or  unknown 


A. 


MAXIMUM  HEIGHT  OF 
RIDGING 
<Rh) 

0)  0—1  mottr 

1 )  2  motors 

2)  3  motors 

3)  4  mtttn 

4)  5  mofon 

5)  '  6  mtttrt  • 
o)  7  mtttrt 

7)  I  motors 

f)  •  motor* 

•I  10  tr  mora  mottrt 

/)       Undottrmmod  or  unknown 


ERIC 


^ .. . 


1*1 

nn  Of  OWNING  IN 
THC  ICC 
(Wf)  % 
Ot         No  OWMtft 
M  Creek 

2l   m    vt«y  v«a«  Iroclvr*  {O.JOm» 
3|  ^     S*»«fl  t*Kturt  (50-200m) 
41  *     A**d«vw  faoctvrt  (200.500m) 
5>        lorgo  frocluro  (  >300m> 
61       I  rod.  How  t*od  • 
7        ^olynro.  inort  ••lynyo, 

Itw  ^ofyny* 
•  »        ttcurr  ng  polynyo 
9)        Opon  »otor 
1        Undtttrminoc?  or  unknown 


00) 

ORIENTATION 
<°w>  ID,) 

01  No  duMct  or*ft*o*on 

1)  Major  am  of  ftoturt 

2)  Ononiod  NE.JW 

3)  Orwnttd  E'W 

4)  Or.onttd  SI-NW 

5)  Porolkli  iHort  h>  N 

6)  Porolftk  ifcort  fo  E 

7)  Part)  I  kit  ihor*  *o  S 
•  )  Hrn\\t\\  ibtt  to  W 

i  Undtttrmmod  or  unknown 


(111 

EXTENT  OF  FAST  ICE 
«.) 

WIOTH  OF  SHORE  LEAD 


0) 

Not  pwtflt 

!' 

100m 

2) 

100—      Urn  ^ 

3i 

J  -  2km 

4) 

2-  5km 

5» 

5—  10km 

6) 

10—  30km 

7| 

30—  SOkm 

t) 

30—     100  km 

9f 

100  <x  more  km 

J 

Undttormmod  or  unknown 

(I2f 

STAGE  OF  MELTING 
K> 

0}        No  molhng 
1)  ftwouddki 
'  21         Mony  poddlt» 
3!        Mony  tuddtrs  w.rh  tow 

tHowing  Hoiri 
4)        Mony  poddta  wmS  mony 

tSo*mo  Kofri 
5i        Thowmf  h»l«  wtmouf 

6}  Dnod  tc«  , 

7)  RoHm  k»  j 

9)  .  •  f  loodod  >ct 

91  I/q^  rc«  forpod  by  melting 

>  Undtftrmmtd  or  unknown 


03) 

ICE  Or  LAN0  ORIGIN 
GROWLERS  ANO^EXGY 

ins 

rCElEfGS  - 
w  •  13)  i 

U) 
13) 
U) 
17) 
U| 
1»i 
20) 
21) 
22) 
23) 


00) 
01) 
02) 
•03) 
04) 
03) 
06) 
07) 
01) 
Of) 
10) 

") 

12) 


I 
2 
3 
4 
5 
* 
7 
• 
f 

10 

1 1 

12. 


24) 
23) 


20 

21-50 
51-100 
101-200 
201—500 
500 


(U) 

INDICATOR  FOR  ICE 
WATER  FEATURE 

0)       kt  odgo 

M       Cone******  bounoory 

2)  Htt  k»  odgo,  fo*  ko 

bovndory 

3)  Uod 

4)  F«»ynyo 

5)  loft 

6)  Poten 

7)  FkJd 

•)  Udgoiono  . 
9)  Fr«c*vrt  ion/ 
/)       No*  rooortod 

(13) 

WIOTH 

(•t) 

0)  50m 

1)  50-  100m 

2)  100-  200m 

3)  200-  500m 

4)  500—  1.000m 
3)  1-.  2km 

*)  2-    5km  . 

7)  5—     1 0km 

•J  10-.  50km 

9)  50ormorokm 

/)  UnoWmtnod  or  unknown 


d©) 

THICKNESS  OF  ICE 

(f|) 

0)  •  ScmE 

1)  5-.  10cm 

2)  10— <  20<m 

3)  20—  30cm 

4)  30—  40cm 

5)  40—.  60cm 
*)  60 —  90cm 
7)  90—.  150cm 

•)  1.5—  2.5  mo** 

9)         -2.5  moron 

/)  UnooHnmnod  or  unknown 


(I?) 

DEttH  OF  SNOW 
(») 

0)  ftort  ict  or  troct 

1)  '  2cm 

2)  2-^  5em 

3)  5-<  10cm 
4J  to-,  15cm 
5)  15—  25cm 
t)  25-.  50cm 
7)  50—  100cm 
I)  100—.  200cm 
9)  200  or  mor«  cm 

/)  Uftdoformmod  or  unknown 


(U) 

WATER  SKY  OR  ICE 
IUNX 

0)  Not  orttonf 

M  kttlmkttN 

2)  k.  fttmk  to  £ 

3)  kt  link  to  S 

4)  Ict  llmk  to  W 

5)  Wottr  Sky  to  N 

6)  Wottr  Sky  to  £ 

7)  W.tor  Sky  »  S 
«)  Wtttr  Sky  to  W 
9)  Frott  imoko 

/)  UndomrmiAod  or  unknown 


(IW 

mE  fcOF  t 

0)  .  I  No  fott  m 


fast  ice 
i 


1 )  Wung  cootrol  k« 

2)  Young  ft*  ICV 

3)  finl-yoor  (mM 

4)  Socond-yoor  foil  k» 

5)  Mufh*yo#f  felt  tf. 

•)  k*  foor 

7)  Ooundod  kt  a 

•)  Shondod  ico  * 

9)  Grovndod  hvmmocfc 

/)  Undoformmod  or  unknown 


(20) 


rCE  DRIFT  NEAR  SHORE 

CDfJ 

0) 

No  KM  4t,H 

1) 

ICO  Ortft  toN 

2) 

ko  drift  to  NE 

3) 

kt  dnft  to  C 

4) 

Ico  drift  to  S£ 

5) 

kt  O.rt  to  S 

•) 

kt  drift  to  SW 

7) 

kt  dnft  to  W 

•1 

kt  drift  to  NW 

9) 

All  »ct  motionlou 

/) 

Undoformmod  or  unknown 

(21) 

TREND  IN  IEHAVIOR  Of 
ICE  NEAR  SHORE 

(°  c  ) 

0)  No  cnongo  ' 

1 )  let  Hrtvotton  wnpronng 

"  (for  nov»othon) 

2)  kt  tftuotton  worMnmg 

(for  novtgohon) 

3)  Ico  brooking  up 

4 1        kt  toonmg  or  dr^ftinf  ^ 
•woy 

3)  kt  tncrooting 

4)  kt  fr««xing  togotnor 
7)       ko  drifting  m 

I)        Ict  undo*  proiturt 

9)        let  hum  mocking  or  tcrtwing 

/)        Undotormynod  or  unkntwn 


r 


Figure,21,-.  Encoding  Tables  of  the  Ship-Shore  Ice  Log.  S 
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'  AIRCRAFT  ICE  RECON  PLOT 
AND  MESSAGE 

Spot  olwtfrvations  on.  the  flight  track  will  be 
made  when  an  aircraft  first  comes  over  the  ice 
and  at  5-minute  intervals  past  the  hour,  e.g., 
1233,  1240,  1245,  1250,  etc.  Optional  .groups  at 
the  end  of  each  observation  describe  features 
such  as  ice  edges,  concentration  boundaries*,  and 
fracture  zones  located  outside  the  spot.  The  ob- 
servations will  be  taken  when  the  aircraft  is  over 
ice  or  near  enough  to^ice  to  report  it  in  some 
part  of  the  code. 

NAVOCEANO  form  3930/7  is  used  for  record- 
ing aerial  ice  observations.  The  observer  records 
ice  conditions  numerically  and  graphically  on  an 
Ice  Plotting  Grid,  NAVOCEANO  form  3930/7A 
(2-68),  and  subsequently  transposes  these  ob- 
servations^ into  the  coded  ICEAC  format.  Detail 
A  of  figure  23  illustrates  a  completed  Ice  Plotting 
Grid,  and  detail  B  shows  #how  this  plot  has  been 
coded  into  the  ICEAC  message  format.  Messages 
are  usually  terminated  with  track  flown,  total 
flight  time,  date,  and  observer's  names. 

The  Ice  Plotting -Grid  is  used  to  maintain 
a  constant  plot  of  ice  features  which  the  observer 
Seems  significant  (A  key  to  ice  symbols  used  in 
plotting  ice  features  is  given  in  figure  24.)  The 
plot  can  be  used  to  encode  optiojml  groups  in 
NAVOCEANO  form  3930/7. 
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l  \  9  1  !  I  I  >  1  ,  i 

60     SO     40     50  .  go     10  W     <>Q   ,10     +Q     50  $0 

FM  -THUL6  A8 

TO-  NAVOCEANO  WASH  DC 
BT 

UNCLAS 
ICEAC- 

99733  70600  15128  /3612  34262  23141  65021  79001  88811 
02540  /2422  /00(Jo  /0922  /0840 

99736  70600  15128  /4012  34262  23141  65021  79001  08322 
12540  /3317  /0213  /0743 

99739  70600  15128  /4512  55272  26162  34131  43100  67433 
79002  910T7  88833  12122  /3113  /3224  /3339  /3J48  76577 
88844  13113  /0417  /0645 

99742  70600  1  5128  /5012  66273^5262  37131  44100  67333 
79001  91121  . 

99745*70600  15128  /5512  66273  25262  37131  44100  67333 
79001  91722  88855  12141  /2122  /3009  /3119  /3340  87678  • 
^88866  13009  /0619  /0840 

99748  70600  15138  /0012  77374  25262/38181  46100  67553 
79001  92121 

FIT  SONDRESTROM  TO  THULE  6  PT  3  15  JUNE  HYYTINEN 
ZUEHLS 

Figure  23.-  (A)  Ice  Plotting  Grid;  (B)  sample 
.  ICEAC  message. 
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TOT  AX  CONCENTRATION  TOfOOJtAPHY 

P  I  A  A  i^ifNifvWMiM 
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fc^J  (dm  .  AAA  ^» 

'•^^n  I  ttfW  *l  ri4f*f  MNfV 

Lpj  Jiiwpitl  mh)  --  v  -r   ---^       .  «  ;  .  ,,.  _W  ••'•'•tt-** 

COVOAGC  SY  Sip  STAOf  Of  MRTIN^ 
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Figure  24.—  Key  to  ice  symbols  in  plotting  ice. features. 
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BATHYTHERMOGRAPH  OBSERVATIONS 


THE  MECHANICAL  BATHYTHERMOGRAPH 

The  mechanical  bathythermograph  (figure  25), 
which  is  „  commonly  referred  to  as  the  bathy- 
thermograph or  BT,  is  an  instrument  for  obtaining 
a  record  of  the  temperature  of  sea  water  at 
moderate  depths.  The  BT  is  lowered. into  the  sea 
and  retrieved  by  means  of  a  wire  rope.  It  can 
be  operated  while  the  ship  is  underway  at  speeds 
up  to  ia-  knots.  It  works  more  satisfactorily, 
however,  at  speeds  of  12  knots  or  less. 

Equipment  Needed  to 
Operate  the  BT 

In  addition  to  the  BT,  the  following  pieces  of 
equipment  are  quired  to  operate  the  instrument; 

1.  A  BT  winch.  Examples  of  winches  in- 
clude: The  E6/S  Winch  and  the  ACCO  Equipment 
Division  Wihch. 

2.  A  BT'boom. 

3.  A  BT  towing  block,  counterbalanced. 

4.  Wire  rope.  3/32-inch  diameter,  7x7 
stainless  steel,  in  •  3,000-foot  length  per  reel. 

5.  A  grid  mount  'assembly. 

6.  Metallic-coated  glass  slides. 

7.  A  slide  viewer, 

8.  A  thermometer. for  measuring  surface 
water  temperature. 


9,  Tools  (8-inchpijers,mediumscrewdriv- 
er,  and  a  3/32-inch  Nicof  ress). 


10,  Nicopress  slee\ 
wire  clips,  §nd  shackles. 


thimbles,  swivels, 


One  other  tool,  which  is  inessential  but  is 
always  handy  if  the  wire  should  jump  the  block 
sheave  or  backlash,  is  a  cable-grip  (come* along). 

Recording  BT  Data 

BT  data  is  recorded  oh  the  National  Oceano- 
graphic  Data  Center  Bathythermograph  Log. 
NODC-EXP-3167/10  (Rev.  6-70).  This  log  is  de- 
signed to  provide  NODC  with  information  required 
for  BT  analog  and  digital  processingand  to  provide 
a  standard  message  format  for  radio  transmission 
of  synoptic  BT  data  for.automatic  data  processing. 
Instructions  for  completing  the  items  on  the 
Bathythermograph  Log  are  printed  inside  the  cover 
of  each  pad  of  log  sheets.  Later  in  thisr  section 
of  thepaihphlet.wewill  consider  these  instructions 
in  greater  detail  "  # 

Taking  a  BT 

Making 'a  BT  lowering  is  described  by  the 
phrase  "Taking  a  BT."  It  is*  a  relatively  simple 
operation;  nevertheless,  a  new  operator  should 
practice  lowerings  and  recoveries  with  a  dummy 
BT  before  undertaking  the  lowering  with  an 
actual  instrument. 

Certain  operations  are  necessary  to  assure 
that  good  data  is  obtained.  Taking  a  BT  includes 
the  following  procedures: 
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Figure  25. -.The  Bathythermograph  (BT). 


Step  L  Checking  the  operating  instruction 
manual  for  the  model  winch  to  be  used— The 
hand,  lever  on  the  E6/S  winch  serves  both  a<s  a 
brake  and  clutch.  It  has  three  positions:  (1)  When 
it  is  vertical,  the  winch  is  in  neutral  and  the  drum 
can  be  turned  in  either  direction;  (?)  When  it  is 
pushed  outboard  to  the  engaged  (hoist)  position, 
the  motor  turns  the  drum  and  spools  on  the  wire; 
(3)  When  the  lever  is  pulled  inboard  toward  the 
operator,  to  the  brake  position,  the  drum  is 
locked  and  cannot  be  rotated.  On  other  models 
the  operation  is  different.  The  operating  lever 
and  the  brake  are  separate. 

Examine  the  winch  installation  to  assure  that 
the  wire  comes  across  the  top  of  the  drum.  Run 
the  free  end  of  the  wire  through  the  towing 
block  at  the  end  of  the  boom.  This  block  is  of 
a  special  counterbalanced  design  for  BT  use. 
Make  certain  that  the  winch  drum  and  block 
are  properly  lubricated 

Step  2.  Connecting  the  BT  to  the  Lowering 
Wire.— Cut  off  rusted,  kinked,  or  frayed  wire  and 
make  a  new  connection  using  a  thimble  with 
three  Nicopress  sleeves  or  wire  cljps.  Check  the 
swivel  and  if  the  BT  does  not  have  a  built-in 
swivel,  include  one  in  the  connection.  Connect 
the  lowering  wire  thimble  to  the  BT  swivel 
with  a  shackle.  NOTE:  More  BT's  are  lost  by 
poor  connections  than  from  any  other  *  cause. 

"■^Another  important  precautionary  measure 
is  to  paint  the  last  50  feet  of  the  BT  wire  a  bright 
color.  This  will  signal  the  operator  during,  re- 
trieval to  be  on  the  immediate  lookout  for  the 
BT,  preventing  accidental  "two-blocking"  and 
loss  of  the  instrument.  It  is  unwise  to  trust  the 
counter  dial  On  any  BT  winch,  t  - 

Step  3.  Inserting  the  Slide  in  the  BT.-  It  is 
important  that  the  slide  is  inserted  in  the  BT 
properly. 

Slide  the  BT  sleeve  forward  toward  the  BT 
nose  (figure  26).  This  will  uncover  the  stylus 
assembly  and  slide  holder.  Hold  the  slide  between 
the  thumb  and  index  finger  with  coated  side  up. 
Insert  the  slide  into  the  hole  on  the  side  of  the  BT 
and  push  the  slide  into  its  bracket.  The  edge 
of  the  slide  with  the^beveled  comer  goes  in  first, 
with  bevel  towards  the  nose  of  the  BT. 

Push  the  slide  all  the  way  jn.  Occasionally 
check  the  grooves  of  the  slide  holder  to  make 


Figure  26*—  Inserting  glass  slide  into  BT. 


sure  they  are  clean  and  free  of  glass  chips.  Also, 
check  the  spring  to  assure  that  the  slide  is  being 
held  firmly  in  position. 

Move  the  sleeve  back  to  cover  the  opening 
prior  to  putting  the  BT  over  the  side.  This  will 
bring  the  stylus  assembly  in  contact  with  the 
glass  slide. 

Step  4.  Putting  the  BT  Over  the*  Side.~ 
After  obtaining  permission  from  the  bridge,  you 
can  put  the  BT  over  the  side. 

Hold  the  BT  at  the  rail;  take  up  the  slack  wire. 

Lower  the  BT  into  the  water  to  such  a  depth  that 
it  rides  smoothly  just  below  the  surface. 

Put  on  the  brake  .and  hold  the  BT  at  this  depth 
for  at  least  30  seconds  to  enable  the  thermal 
element  to  come  to  the  temperature  of  the 
surface  water. 

Turn  on  the  motors  so  that  power  is  available 
instantly. for  the  rest  of  the  operation. 

Set  the  counter  on  the  winch  to  zero. 

Step  5.  .Taking  the  Sea  Surface  Reference 
Temperature.— While  towingtheBT  at  the  surface, 
take  the.  sea  surface  reference  temperature. 


Use  any  reliable  thermometer.  The  most  common 
method  of  obtaining  the  temperature  is  to  collect 
a  bucket  of  surface  water,  immediately  immerse 
the  thermometer  in  the  water,  stir  the  thermom- 
eter'with  a  circular  motion,  'and  read  the  ther- 
mometer with,  the  stem  still  immersed  in  the 
water.  Make  several  readings  to  assure  a  valid 
observation. 

Record  the  sea  surface  reference  temper- 
ature on  the  Bathythermograph  Log, 

Step  6.  Lowering  the  BT.— After  you  have 
taken  the  sea  surface  reference  temperature, 
lower  the  BT.  Have  a  round  stick  about  15  inches 
long  to  use  to  control  the  speed  of  the  drum. 

The  following  instructions  apply  to  underway 
lowering: 

CHECK  THE  DEPTH  OF  WATER  JUST  BEFORE 
MAKING  EACH  LOWERING!  :   

Release  the  brake,  and  allow  the  wire  to  pay 
out  freely.  Success  in  reaching  the  maximum 
desired  depth  depends  on  paying  out  the  wire 
as  quickly  as  possible. 

Watch  the  wire  and  the  drum  carefully  and 
gently  slow  the  dxum  with  the  stick -if  excessive 
slack  appears.  Do  not  apply  too  much  pressure 
to  the  drum  with  the  stick.  Once  the  diving  motion 
of  the  BT  is  arrested,  it  will  not  dive  deeper 
regardless  of  the  amount  of  wire  payed  out. 

The  proper  amount  of  wire  to  be  payed  out 
will  depend  upon  the  speed  of  the  ship,  the  type 
of  BT,  whether  or  not  the  nose  sleeve  is  attached, 
and  the  operator's  experience.  Make  several  low- 
erings  to  obtain  the  ship-speed/wire-out  ratio 
to  use  for  your  BT. 

Stop  the  winch  when  the  counter  indicates 
the  proper  length  of  wire  has  been  payed  out. 
Apply  the  brake  smoothly;  avoid  excessive  jerk, 
because  it  may  part  the  wire.  NOTE:  Never  pay 
out  the  last  layer  of  wire  on  the  drum. 

Step  7.  Retrieving'  the  BT.-As'  soon  as  the 
brake  is  applied,  the  BT  will  stop  diving  and 
return  to  the  surface  far  astern. 

Haul  iiis.the  BT  at  full  speed.  Guide  the 
wire  back  and  forth  in  even  layers  on  the  drum. 
If  the  winch  does  hot  have  a  level  wind,  use  the 
wooden  stick  for  proper  spooling. 


Decrease  the  winch  speed  when  the  BT  is 
close  astern.  Continue  to  .haul  in  until  the  BT 
begins  to  porpoise  (breaking  clear  of  the  surface 
and  swinging  forward  as  the  ship  rolls  or  as 
wave  crests  pass).  NOTE:  This  is  the  most 
critical  point  in  the  operation.  To  bring  the  BT 
along-side  and  raise  it  without  too  much  swing 
requires  practice. 

Stop,  the  winch  with  the  BT  2  or  3  feet  from 
the  towing  block.  If  the  BT  skips  or  swings  for- 
ward of  the  boom,  allow  the  BT  to  sink  freely  until 
it  has  Passed  clear  astern,  and  try  again. 

Turn  off  the  winch  motor  and  commence 
bringing  the  BT  aboard.  The  BT  can  be  brought 
aboard  in  various  ways,  depending  on  how  the 
boom  is  rigged.  With  the  standard  gate  boom, 
the  use  of  a  retrieving  line  and  ring  is  recom- 
mended. This  consists  of  a  metal  ring  an  inch 
and  a  half  in  diameter  through  which  the  wire 
is  passed  between  the  towing  block  and  the  BT. 
The  ring  is  attached  to  a  retrieving  line  which 
is  secured  to  the  lifeline  or  rail.  With  the  proper 
amount  of  slack,  the  ring  will  ride  freely  when 
the  BT  is  being  lowered  and  retrieved.  By 
hauling  in  on  the  retrieving  line  while  easing  the 
brake,  the  BT  can  be  brought  to  hand. 

Step  8.  Removing  the  BT  Slide.— As  soon 
as  the  BT  is  ir\  hand,  slack  off  the  Wire,  set  the  j 
.brake,  and  remove  the  BT  slide  in  the  follow- 
ing manner: 

Mov£  the  sleeve  forward  toward  the  BT  nose 
to  lift  the  stylus  off  the  slide.  Partially  eject  the 
slide  by  pushing  against  its  edge  with  the  fore- 
finger, or  a  pencil,  through  the  slide-ejecting 
port.  / 

Carefully,  grip  the  slide  by  the  thumb  and 
forefinger  (figure  27)  holding  the  slide  only  by 
the  edges.  Be  careful  not  to  obscure  the  trace 
with  smudges  or  fingerprints. 

Place  the  BT  in  its  deck  rack,  and  notify  the 
bridge  that  the  BT  is  on  deck. 

Step  9.  Securing  the  Equipment.-  If  another 
lowering  is  to  be  made  soon  and  there  is  no  dan- 
ger of  overheating  the  BT,  you  may  leave  the  BT 
in  the  deck  rack  connected  to  the  wire;  otherwise, 
unshackle  it  and  stow  it  in  a  coal  place.  CAUTION: 
Never  let  the  temperature  of  the  BT  exceed 
105*  F.  (40.56*C).  If  this  temperature  is  exceeded, 
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the  insturmerit  will  be  damaged  and  the  calibra- 
tion will  be  invalid.  Never  leave  the  BT  on  deck 
without  protection  from  hot  suit  Suitable  pro- 
tection to  the  thermal  element  can  be  afforded 
by  keeping  the  BT  covered  with  wet  cloths. 


Figure  27.—  Holding  the  BT  slide. 

Step  10.  Labeling  the  BT  Slide.— As  soon 
as  you  remove  the  BT  slide  from  the  BT, 
examine  it  to  be  sure  that  a  suitable  trace  has 
been  obtained.  With  a  sharp  instrument  or  pencil, 
write  the  following  information  on  the  slide, 
being  careful  not  to  obscure  or  touch  the  tem- 
perature-depth trace  (figure  28). 


Figure  28.—  Labeling  the  BT  slide. 


Slide  number  and  time  group.  Number  the 
slides  consecutively.  Use  Gfeenwich  Mean  Time 
(0000  to  2359),  giving  the  hour  and  minute  at 
which  the  BT  entered*  the  water.  Enter  a  datfh 
between  slide  number  and  time.  Slide  number 
five  taken  at  2240  is  marked:  5-2240. 

Day,  month,  and  year.  Use  Roman  numerals 
for  the  month.  29  November  1966  is  written:  , 
29-XI-66. 


BT  instrument  serial  number.  The  serial 
number  of  the  BT  is  stamped  near  the  nose 
of  the  instrument  This  number  Is  very  important, 
as  each  BT  has  a  calibrated  grid,  a  duplicate  of 
which  is  on  file  at  tfie  laboratory  that  will  process 
the  slide.  Without  the  proper  aerial  number, 
the  information  on  your  slide  is  valueless,  lit* 
elude  any  letter  which  precedes  or  follows  the 
serial  numbers;  e.g.,  BT  A- 1257  or  BT-1216A. 

Always  enter  the  information  on  the  slide  in 
the  order  given  above.  Avoid  the  temptation  to 
improve  an  apparently  faint  trace  by  enlarging 
or  tracing  over  it  at  the  time  you  enter  the  data. 
The  processing  laboratory  can  copy  an  actual 
trace,  however  faint,  by  the  delicate  photo- 
graphic processes  it  use?;  but  a  retouched  trace 
will  invariably  be  detected  and  rejected.  After 
you  label  the  slide,  rinse  it  in  fresh  water,  read 
It,  and  record  "the  data  on  the  Bathythermograph 
Log. 

Reading  the  BT  Slide* 

The  BT  grid  (figure  29)  is  connected  to  a 
magnifying  grid  mount  viewer  which  facilitates 
holding  and  reading  the  BT  slide. 


Figure  29.—  BT  grid. 


Clean  the  grid  with  a  ftlotfr-or  tissue.^  Place 
the  slide  in  the  viewer  with  the  coated  surface 
toward'  the  grid  and  the  beveled  edge  toward 
the  set  screw.  Gently  push  the  slide  down  against 
the  spring  and  into  place  so  the  coated  surface 
lies  flat  against  the  grid  and  snugly  against  the 
set  screw. 

To  remove  the  slide  from  the  grid,  depress  the 
spring  to  loosen  the  slide  from  the  grid  mount. 

The  trace  scratched  by  the  stylus  is  a  tem- 
perature-depth record.  Each  point  on  the  trace 
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represents  a  value  of  temperature  and  depth  which 
can  be  read  off  the  appropriate  line  of  the  grid 
The  lines  on  the  grid  are  established  by  actual 
test  of  the  instrument  Each  BT  has  its  own 
grid  for  converting  the  stylus  trace  to  tempera- 
ture and  depth  readings.  These  grids  are  not  in- 
terchangeable between  instruments.  Serial  num- 
bers of  both  grid  and  BT  must  agree.  Read  the 
surface  temperature  from  the  BT  slide  by  noting 
the  temperature  of  the  point  at  which  the  trace 
starts  downward  fronfthe  surface.  Rea$  temper- 
atures to  tenths  of  a  degree  and  depth  to  within 
10  feet 


Storing  and  Shipping  BT  Slides 

At  the  end  of  each  calendar  month  or  at  the 
-=  end  of  a  cruise,  mail  the  log  sheets  alfcngwith 
the  slides  in  accordance  with  COMDTINST  3161.1 
series. 

To  protect  your  slides,  proceed  as  follows: 

1.  Replace  slides  in  issue  box 

2.  Put  no  material  between  slides. 

3.  Pad  top  of  slides  (use  issue  pad)  before 
replacing  cover.     '      *    ■        v  «■ 

4.  Paste  on  standard  mailing  label  NODC 
3167/11*  (9-61),  giving  ship's  name,  date(s)  of 
cruise,  and  BT  log  sheet  number. 

5.  Pad  box  well  and  pack  in  cardboard 

box. 

6.  Wrap  securely  and  label  clearly,  re- 
peating information  in  item  4. 

7.  Fold  and  staple  the  bathythermograph 
log  so  that  the  mailing  format  printed  on  the 
reverse  side  is  displayed 

»  ■ 

8.  Mail  BT  slides  and  log  sheets  tori 

National  Oceanographic  Data  Center 
Washington,  D.C.  20390  y.S.A. 

All  grids  from  BT's  lost  during  operations 
at  sea  shall  be  forwarded  to  the  NODC  on  re- 
turn to  port  or  at  the  end  of  a  survey  cruise. 


BT  Maintenance 

The  BT  requires  very  little  maintenance, 
but  careful  handling  is  essential  to  maintain  the 
accuracy  of  the  delicate  internal  mechanisms. 

After  survey  operations,  rinse  the  BT  with 
fresh  water.  Never  store  a  BT  that  is  being 
withdrawn  from  use  without  thoroughly  rinsing  it 

Do  not  disassemble  the  BT.  It  is  a  precision 
instrument  with  delicate  internal  mechanisms, 
and  even  with  the  greatest  care  possible  it  is 
difficult  to  avoid  damage  if  disassembling  is  at- 
tempted aboard  ship.  If  for  any  reason  the  BT 
.  fails  to  operate  satisfactorily,  turnit  in  for  repair 
with  a  report  indicating  the  symptoms  to  aid 
the  repair  facility  in  correcting  the  trouble. 

Procurement  and  replacement  instructions 
for  the  procurement  and  replacement  of  bath- 
ythermographs and  associated  equipment  are 
found  in  paragraph  3B17045,  Comptroller  Manual. 

i 

Malfunctions 

4 

The  BT  normally  is  a  vwy  reliable  in- 
strument; however,  you,  as  the  operator  should 
be  alert  to  several  common  malfunctions^  Shocks 
which  occur  to  the  instrument  during  the  handling 
and  lowering  may  cause  hysteresis,  temperature 
error,  and/or  depth  error. 

Jfysteresis.— The  stylus  scratches  its  tra9e 
while  the  BT  is  diving  and  as  it  rises  to  the 
surface.  Water  conditions  where  it  dives  may  be 
slightly  different  from  where  it  rises.  These  con- 
ditions are  usually  negligible;  however,  the  In- 
strument may  have  hysteresis;  i.e.,  there  maybe 
a  slight  lag  in  the  movement  of  its  thermal  and 
depth  elements.  If  the  up  and  down,  traces  are 
essentially  similar,  a  slight  divergence  of  the 
traces  is  immaterial.  If  the  traces  differ  widely, 
change  to  another  BT.  The  temperature  reading  at 
the  given  depth  (if  the  water  conditions  are  not 
changing)  would  be  a  point  midway  between  the 
two  traces.  Nothing  can  be  done  aboard  ship  for 
hysteresis.  NOTE:  Closely  spaced  traces  (less 
that  0.5*F.)  and  double  traces  in  strong  gradients 
(layers  of  rapid  change  of  temperature)  are  not 
'  considered  as  hysteresis. 

Temperature  Error.— It  is  advisable  to  make 
frequent  comparisons  between  the  BT  surface 
temperatures  and  the  sea  surface  reference 
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temperatures.  These  temperatures  should  be  ap- 
proximately the  same.  If  they  differ  slightly, 
the  difference  should  remain  constant  over  a 
long  period  of  time.  If  this  difference  changes  and 
if  the  amount  of  the  diffenence  *hen  found  con- 
tinues for  subsequent  lowering*/ it  is  an  indic- 
ation that  the  calibration  has  shifted  A  shift 
in  calibration,  sometimes  called  a  "shift  in  the 
zero  points,"  should  not  affect  the  shape  of  any 
given  trace.  If  a  shift  in  calibration  occurs, 
you  make  a  note  of  it  on  the  log  sheet  showing 
the  slide  number  and  time  at  which  you  detected 
this  shift  in  calibration. 

If  the  zero  shift  is  more  than  4*  F.  or  if  it 
shifts  from  one  lowering  to  another,  the  BT 
needs  adjustment  and  should  be  turned  in  for 
repair.  If  you  must  use  the  instrument,  use  the 
following  procedures  to  determine  the  amount  of 
temperature  correction  to  apply. 

Load  the  BT  with  a  slide  and  leave  the  brass 
sleeve  up  so  the  stylus  does  not  rest  on  the  slide. 
Immerse  the  tail  fins,  thermal  element,  and  the 
"  sleeve  in  a  bucket  of  water  for  several  minutes. 
Then^push  the  sleeve  down"  to  bring  the  stylus 
in  cdhtact  with  the  slide.  At  that  instant  obtain 
the  water  temperature  in  the  bucket  with  a 
thermometer.  Then  raise  the  sleeve  and  trip  the 
automatic  stylus  lifter  without  taking  the  BT 
out  of  the.  bucket  Add  hot  water  to  raise  the 
temperature  a  few  degrees.  Stir  the  water  and 
allow  time  for  the  BT  to  comerto  this  temperature 
and  then  .make  another  mark  as  before  and  read 
the  thermometer.  Repeat  the  process  several 
times  to  establish  a  series  of  temperature  points 
across  the  slide,  along  the  zero  depth  line.  The 
values  of  the  points  are  read  with  the  viewer 
and  may  be  plotted  on  .a  graph  against  the  tem- 
peratures obtained  by  the  thermometer. 

Depth  Error.-The  BT,  when  on  deck,  usu- 
ally has  a  different  temperature  than  when 
in  the  water.  The  BT  thermal  element  assembly 
movss  the  stylus  assembly  along  the  zero  depth 
line  to  the  surface  water  temperature  position 
during  the  period  the  BT  is  being  towed  at  the 
surface.  Thus,  the  top  of  the  trace  is  almost 
always  a  horizontal  line  which  should  be~on  the 
zero  depth  line  of  the  grid  whai  the  slide  is  viewed 
If  the  'tra'ce  appears  more  than  3  feet  above  or 
below  the  zero  line,  the  depth  readings  must 
be  corrected  by  th#  amount  of  this  error  for 
accurate  results.  In  order  to  determine  the  amount 
of  correction  to  apply  to  depth  for  accurate 


work,  the  following  procedures  can  be  used  in 
an  emergency: 

With  the  sleeve  all  the  way  back, 
immerse  the  thermal  element  in  a  cold 
'  and  then  in  a  warm  (less  than  105*F.) 
bucket  of  water.  This  will  cause  a  long% 
zero  depth. line  to  be  drawn  across  the 
slide.  Then  place  the  slide  in  the  viewer. 
The  difference,  in  feet,  of  the  trace 
above  or  below  the  zero  depth  line  on 
the  grid  is  the  error  for  which  you  must 
make  corrections  at  all  depth  readings. 

BT's  that  have  a  depth  error  of  more  than  10 
feet  for  a  200-foot  instrument,  20  feet  for  a  450- 
foot  instrument,  or  40  feet  for  a  900-foot  in- 
strument should  be  replaced. 

THE  EXPENDABLE  BATHYTHERMOGRAPH 

An  expendable  bathythermograph  system 
(XBT),  AN/SSQ-56,  which  is  built  by  the  Sippican 


Figure  30.—  Expendable  bathythermograph  (XBT) 
system. 
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Corp.,  is  used  aboard  ship  for  measuring  the 
temperature  of  sea  water  in  the  water  column 
•from  the  surface  down  to  a  depth  of  1,500  feet, 
(Measurements  to  depths  of  2,500  or  5,000  feet 
can  )>e  oltfained  with  special  probes  and  recorder 
modifications,)  The  XBT  can  be  used  while  the 
ship  is  hove  to,  but  is  especially,  designed  to  be 
used  while  the  ship  is  underway.  The  XBT  include* 
three  components:  the  launcher,  the  recorder, 
and  the  expendable  probe  (figure  30). 

The  launcher  (figure  31)  includes  the  dis- 
charge tube,  the  breech,  the  stanchion,  and  the 
launcher/recorder  cable. 


—CABLE  TQ  RECORDER 

Figure  31.—  XBT  launcher. 

The  recorder  (figure  32)  is  a  conventional 
type,  120  VAC,  60Hz,  analog  recorder  with  a 
temperature  scale  from  28#  to  96?F  or  -2#  to 
Z&C.  Special  depth/temperature  scaled  chart 
paper  is  used  in  the  recorder. 

The  expendable  probe  (figure  33)  includes  the 
canister,  the  probe  with  calibrated  thermistor, 


Figure  32"—  Recorder. 


Figure  33.—  Expendable  probe  and  canister, 
Sippican  model  T-4  (cutaway  view  at  left). 

two  spools  of  wire,  and  the  probe  launch 
pin. 

How  the  XBT  Works 

*  ,  The  thermal  element  of  the  XBT  is  the  probe. 
It  is  a  ballistically  shaped  device  containing  a 
calibrated  thermistor  in  its  nose.  The  thermistor 
is  connected  to  a  very  fine  two-conductor  wire. 
(Various  models  of  the  XBT  probe  contain 
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Figure  34.—  Launching  the  XBT.  * 

different  lengths  of  wire,  depending  on  the  depth 
to  be  observed  and  the  speed  of  the  launching 
ship.)  Approximately  half  of  this  wire  is  wound  on 
a  spool  inside  the  probe,  and  the  other  half  is 
wound  on  a  spool  inside,  the  upper  portion  of  the^ 
canister.  The  probe  is  held  in  place  in  the  canis- 
ter by  the  probe  launch  pin* 


To  take  an  XBT,  place  the  canister  case  in 
the  breech  of  the  launcher  and  lock  the  breech, 
thus  completing  the  electrical  circuit  from  therm- 
istor to  recorder.  Then  pull  the  probe  launch 
pin;  the  probe  will  fall  through  the  discharge 
tube  and  into  the  water  (figure  34A).  When  you 
launch  the  probe,  the  fine  wire  from  both  spools 
is  free  to  unwind,  permittingtheprobe  to  free-fall 
through  the  water  and  the  ship/to  move  away 
from  the  station  without  breaking  the  wire  (figure 
34B).  As  the  probe  drops  through  the  water, 
the  resistance  of  the  thermistor  in  the  probe 
changes  with  the  water  temperature*  This  causes 
voltage  changes  at  the  recorder,  and  the  temper- 
ature and' depth  are  recorded  on  an  analog  chart. 
(The  chart  paper  drive  speed  is  constant  and  is 
directly  proportional  to  the  probe's  assumed 
rate  of  descent.)  When  all  the  wire  on  the  spools 
is  payed  out,  the  wire  breaks  and  the  probe 
drops  to  the  bottom  of  the  sea* 

INSTALLATION  OF  XBT  LAUNCHER  AND 
RECORDER 

Install  the  XBT  launcher  and  recorder  shown 
in  figures  31  and  32  on  the  ship  in  accordance 
with  manual  R-467B,  "Instructions  for  Instal- 
lation, Operation,,  and  Maintenance  of  Sippioan 
Expendable  Bathythermograph  System*" 

In  locating  the  components  on  the  ship,  give- 
consideration  to  protection  of  the  recorder  from 
weather  and*  spray;  to  line  voltages,  ambient 


temperatures,  and  electrical  noise;  to  garbage 
chute  and  waste  outlet  locations;  and  to  the 
location  of  any  devices  being  towed  by  the  ship. 
Store  XBT  probes  in  a  cool  place  out  of  direct 
sunlight* 

Checking  Out  the  XpT  System 

After  installing Xhe  XBT  launcher  and  recor- 
der artd  always  before  beginning  an  operation 
aboard  ship,  check  the  recorder  and  the  launcher  _ 
to  recorder  circuit  by  performing  the  following 
steps:    -   : 

Step  1.  Plug  in  the  recorderpowtfr  cord  to 
120  VAC   (the  instrument  does  not  have  an 
On- Off  switch).  This  will  cause  the  red  reload 
indicator  signal  (A)  to  light  (figure  35). 


Figure  35.—  XBT  recorder  pane.L7-  . 

Stefl  2.  After  a  15-minute  wanhup  period, 
n  the  launcher  breech  and  clean  the  contacts, 
ing  a  clean  rag  and  alcohol.  Check  the 
launcher  discharge  tube  for  salt  deposit,  and 
clean  as  necessary,  using  fresh  water  and  a 
cloth  swab..  Insert  the  test  canister.  NOTE:  In- 
cluded with  each  XBT  system  is  a  test  canister. 
Its  circuit  is  shown  in  figure  36.  The  test 
canister  should  be  calibrated  every  6  months* 


Figure  36.—  Test  canister  circuit. 

„  .  Step  3.  Close  the  breech  and  lock  it  securely. 
The  reload  light  will  go  out,  the  chart  drive,  will 
operate  tox  2  seconds*  and  the  chart  stylus  (B) 
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will  plot  6TT  +  0.2*F  {16.VC  +  0.1'C)  for 
that  period  (figure  35).  The  chart  drive  will 
then  stop,  and  the  green  launch  light  (C)  on  the 
left  of  the  temperature  scale  will  go  on.  NOTE: 
Check  for  jitter  on  the  plot  and  adjust  the  gain 
if  necessary. 

Step  4.  Press  and  hold  the  30794"  testswitch 

(D)  in  the  94'  position  (figure  35>  for  30- or  40 
seconds.  The  launch  light  will  go  out,  the  chart 
cfcrive  will  start,  and  the  chart  stylus  will  plot 
94'F  +  0.2*F  (34.4'C  +  0.1'C). 

Step  5.  Release  the  30*/94'  test  switch,  and 

press  and  hold  it  in  the  30*  position.  Now  the 

stylus  will  plot   30' F  +  0.2*F  (-1.1'C  +  0.1' 

C).  The  chart  paper  will  advance  for  88  seconds 

+  2  percent;  then  the  chart  paper  drive  will  stop 

and  the  reload  light  will  go  on. 

* 

Step  6.  Press  and  release  the  recycle  switch 

(E)  (figure  35).  The  reload  light  will  go  out. 
The  chart  drive  will  operate  for  2  seconds  with 
the  chart  stylus  at  62* "  F  +  0.2*F  (16.7*  C 
+  0.1'C).  Then  the  chart  drive  will  stop  and 
the  launch  light  will  go  on. 

Step  7.  Repeat  steps  4  and  5  several  times  to 
make  sure  that  the  chart  stylus  is  recording  tem- 
peratures  within  tolerances,   that  the  signal 
lights  are  operating  ptoperly,  and  that  the  chart 
paper  drive  advance  time  (step  5  above)  is  be- 
tween 86.2  and  89.8  seconds.  When  the  test 
switch  is  changed  from  the  94'  to  the  30*  po- 
sition, the  stylus  should  enquire  1  second  for  a 
full  scale  excursion.  Excessive  overshoot  or 
sluggishness  of  movement  will  require  gain  ad- ' 
justment.  If  any  tolerances  are  exceeded  or  any 
malfunctions  are  noted,  the  recorder  should  be 
calibrated  as  described  in  manual  "Instructions 
for  Installation/  Operation  and  Maintenance  of 
Sippican  Expendable  Bathythermograph  System." 

Recording*  XFT  Data 

,  Record  XBT  data  on  the  National  Oceano- 
graphic  Data  Center  Bathythermographic.  Log, 
NODC-EXP-3167/10  (Rev.  6-70).  Record  mech- 
anical BT  and  XBT  data  on  separate  BT  logs. 
Instructions  for  completing  the  items  of  the 
Bathythermograph  Log  are  printed  inside  the 
cover  of  each  pad  of  log  sheets.  For  item  2, 
consider  the  XBT  chart  as  a  BT  slide  and  num- 
ber it  accordingly.  Obtain  the  sea  surface  refer- 
ence '  temperature.  .    Enter    any  comments 
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concerning  the  conditions  at  the  time  the  XBT 
-  was  taken  in  the  remarks  space  of  the  log 
sheet.  Such  comments  might  include:  high  seas, 
^changing  course,  wire  unspooling  improperly, 
wire  fouled  on  the  side  of  ship,  premature  part- 
ing of*wire,  etc.        t  "  _ 

Deployment  of  the 'XBT  ^ 

After  you  have  checked  out  the  XBT  system 
and  the  ship  is  coming  up  on  a  station,  take 
the  XBT  by  performing  the  followingsteps.  NOTE: 
One  person  can  take  the  XBT,  however, -this  re- 
quires several  trips  between  recorder  and  launch- 
er; therefore,  if  two  persons  are  available,  one 
should  be  stationed  at  the  recorder  and  the  other 
should  be  at  the  launcher. 

Step  1.  Plug  in  the  rl?&©r-der  power  cord  to 
120  VAC.  This  will  cause  theNred  reload  light 
indicator  signal  (A)  to  light  (figure  35).  Allow 
a  15-minute  warmup  period.  ^< 

1    Step  2.  Complete  items  one  through  three  on 
the  Bathythermograph  Log. 

Step  3,  Remove  the  canvas  cover  from  the 
launcher,  and  open  the  launcher  breech  fully 
clockwise;  remove  the  expended. canister  used 
when  'taking  the  previous  XBT,  making  sure 
no  scrap  wire  remains  in  or  around  the  discharge 
tube  or  breech. 

Step  4.  Take  a  canister  from  the  packing 
case  and  remove  the  white  end  cover. 

o 

Step  5.  Insert  the  canister  in  the  breech 
(figure  37)  guiding  the  probe  launch  pin  loop  - 
through  the  launch  pin  slot  until  the  knurled  end 
is  on  the  breech  castings. 

Step  6.  Close  the  breech  and  lock  the  handle 
fully  counterclockwise.  This  will  cause  the  red 
reload  light  to  go  out  at  the  recorder,  and  the 
chart  drive  to  run  for  approximately  2  seconds. 
Check  the  chart  paper  to  make  sure  that  the 
''surface1'  line  appears  directly  under  the  stylus. 
To  adjust  the  paper,  turn  the  knob  (H)  (figure  35) 
at  the  lower  left  of  the  chart  drive,  ending  with 
clockwise  motion  to  eliminate  any  backlash  error. 

Step  7.  When  the  green  launch  indicator  sig- 
nal (C)  (figure  35)  goes  on,  pull  the  probe  launch 
pin  by  grasping  the  loop  and  removing  the  pin  with 
a  firm,  continuous  motion.     -NOTE:  If  the  sea 
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Figure  37.— Loading  canister  in  breech. 


is  high,  try  to  deploy  the  probe  so  it  will  hit 
the  water  between  wave  crests. 


Step  8.  When  the  chart,  drive  stops  and  the 
'red  reload  indicator  signal  goes  oh,  annotate  the 
chart  with  the  following  information:  ship,  crufse, 
latitude,  longitude,  time  (GMT),  day/mdnth/year, 
e.g.,  19/08/70,  and  consecutive  chart  number. 
In  addU^n,  indicate  bottom  depth  beside  the  trace 
as  is  shown  in  figure  38. 


Step  9.  Aft^r  completing  the  XBT  observation, 
you  may  leave  the  charts  on  the  takeup  spool  in 
the  recorder  or  you  may  remove  them  individually. 
To  remove  XBT  chart(s)  from  the  recorder,  cut 
the  chart  paper  along  the  bottom  of  the  chart 
}paper  locking  plate  (F)  (figure  35)  with  a  penknife. 
To  reconnect  the  chart  paper,  attach  the  chart- 
saver  clip  (G)  (figure  35)  to  the  chart  paper  by 
stretching  the  clip  elastic  downward. 


Step  10.  Secure  the  XBT  system  by  replacing 
the  launcher  canvas  cover  and  disconnecting  the., 
recorder  power  cord. 


TJli 

Figure  38.—  XBT  chaft  annotated. 
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Step  11,  Complete  the  Bathythermograph  Log 
in  accordance  with  instructions  printed  inside  the 
cover  of  the  pad  of  log  sheets.  * 

Step  12,  If  the  XBT  system  will  pot"  be- used 
within  the  next  4  hours,  .unplug  the  recorder 
power  cord,  — - 

Mailing  XBT  Charts*  and  Logs 

At  the  completion  of  an  operation,  mail  XBT 
charts  and  logs  in  accordance  with  COMDTINST 
3161.1  series. 

Observe  the^  following  steps  for  mailing: 

\ 

Step  1.  Cut  charts  (do  not  mail  in  a  roll)  so 
that  each  consecutive  observation  includes  the 
baseline  which  was  recorded  above  the  surface 
line  of  the  chart  when  a  new  probe  was  loaded  in 
the  Tauncher. 

Step  2.  Mail  charts  and  logs  together,  but  do 
not  fold  charts.  Stack  them  and  mail  them  flat 
'  If  pressure-sensitive  chart  paper  was  useci, 
protect  the  charts  by  folding  each  log  sh^et  and 
inserting  the  charts  in  the  fold 

Step  3.  Include  all  checkout  charts  made  at 
the  beginning  of  or  during  the  operation  with 
the  XBT  charts  and  logs. 

XBT  Maintenance 

i 

XBT  routine  and  preventive  maintenance  and 
trouble-shooting  instructions  are  presented  in 
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manual  R-467B,  ' 'Instructions  for  Installation, 
Operation  and  Maintenance  of  Sippican  Expendable 
Bathythermograph  System.0 

Check  the  launcher  discharge  tube  periodic- 
ally for  salt  buildup.  Remove  any  salt  with  fresh 
waterltn015r6Th^swaF/™ 

Inspect  the  insulation  around  the  canister 
contacts  in  the  launcher  breech  for  contamination 
before  inserting  a  canister.  Remove  any  con- 
tamination with  a  clotit  dipped  in  alcohol. 

installation  of  a  new  chart  roll,  chart  align- 
ment, and  preventive  maintenance  should  be 
performed  by  the  operator.  Recorder  trouble 
shooting  maintenance  should  be  performed  by 
an  electronic  technician.  Recorder  and  test  can- 
ister should  be  calibrated  every  6  months,  by  ^n 
electronic  technician,  • 
* 

It  isimportant  that  you  keep  the  test  canister 
with  the  XBT  system  at  all  times.  Consider  the 
canister  as  an  integral  component  of  the  system. 


ENCODING  BATHYTHERMOGRAPH 
OBSERVATION 

After  taking  a  BT  or  an  XBT,  encode  your 
observations  on  the  Bathythermograph  Log,  NODC- 
EXP-31%7/10  (Rev.  6-70).  Instructions  for  com- 
pleting the  BT  Log  are  printed  inside  the  cover 
of  each>  pad  of  log  sheets.  Figure  39  includes 
extractions  from  the  Instructions  for  Preparing 
the  Bathythermograpn  Log  Sheet. 
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INSTRUCTIONS 
PREPARING  WE  BATHYTHERMOGRAPH  LOG  SHEET 


IKROOUCTION 


Tho  bfrh;lfi>n|iog«oph  (|T)  log  shoot  H  oViignod  to  moot  hSr*«  bosk  noodt: 
^1 .  To  provido «  iwwfi  formo*  for  rv&o  Hmimtufrn  of  synoptic  IT  data  according  to  mt  spocmco-. 
Hon*  and  standards  o*foWi*|td  bytfco  NAta*4fctary  Agoncyjor  Stonoor  dilation;  2.  To  providt 
1ho  NationoT  Ocoonogiophic'Doto  Contor  (NOOC)  with  information  rtquktdior  ST  analog  and  digital 
D  roc  as  sing;  and  3  J  To  provioo  o  momod  hi  koypunching  IT  data;  for  fecoj  (non-NOOC)  anolysit. 
Tlii$  radio  motsogo  format  soporcodos  ofl  o^_fo^^o^vM>wtlr  us*d  for  shipboard  IT  (IATKY)  or 
aircraft  IT  (lAXIT)  mouago  roporting.' 

*»«rfnl<**«  (1  j  Sow  and  wHoro  to  moil  sKdos,  log  that*,  and  rocordtr  charts;  (2)  how 

to  obtain  addWonol  log  shoott;  {3/oooV»ss**sfor  radio  rnosjogot;  (4)  how  to  mark  ma  ifsKao  and  XIT 
°ft*f  ,h#  °^*#fvoH*n  is  laktf^  (3i,h*  p/ocoduros  for  filling  in  tho  %,Ktftrtnco  Information" 
o'F^N***  M^Wgi  10^™*©*©^*  portions  of  tfco  log  shoof  which  art  to  bo  usod  for  oN  airbomo,  wb- 
.  -  molqgpnd'thipooord  IT j;  (6)  tho  rtouraa  inttrprototjon  of  tho  ttmporofvro-dopfh  tract;  and  (7)  sp*bol 
instructions  fir  Hovy  i/*o.    Thai*  instructions  ofso  itrvo  to  amplify  mt  following  dirtcttvts,  mt  Jattst 
od^jgns  of  whkh  art  opplicoWt  and  should  ba  rigidfy  foHowtd: 
©  1.    0C&NAV1NST  3160.9' 

-X  COM$7$JN$roi2U 
-   1    COMSTSINST  P3 120.2 

4.  COMOT  UtCG  INST  3161.1 

5.  ONCFACFIT  IN5T  31607 

,     '  V    NAVWJASKVCOMINST  3140.1 
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Figure  39,—  Instructions  for  preparing  the  Bathythermograph  Log  Sheet. 
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HQW  TO  MAIK  T«  IT  SU06  ANO  XIT 
.  KfCOROf  ft  CHAftT 

*>  ' 

Immediately  offer  removing  riv»  IT  slide  from  the 
bomytKermogroph,  Ham  the  slide  in  fresh  woter,  heJomf 
H  by  Hi*  edges  to  ovoid  marring;  of  the  5fibil»if 
coating.  Then  mark  the  slide  *s  ine*co+ed  below,  using  a 
shorp  pencil.  Do  not  touch,  wrifo  over,  or  otherwise 
obscure  mo  frece.- 

Smmpk  of  mo*9d  tfd* 

Slid*  number  — —  GMT 


It  VMr-14  ■ 


hourt  ond  minutes. 
p  Doy— rnonltj       (ro moo 
numerols). 

Yeor  (um  lost  two  digits). 
•  *IT  instrument  number 
(found  neor  no  J*  of 
instrument  ond  stompod 
on  lowtr  right  jidt  of  IT 
grid),  Report  complete 
number  with  totter  prefix 
ond  suffix  if  given.  If  the 
IT  instrument  number  ond 
the  grid  number  (prefix 
ond  suffix)  dd'no't  ogre*, 
do  not  use  the  IT,  X 

The  foce  of  each  XIT  recorder  chort  should  contain 
the  Information  listed  below  in  (he  some  sequence.  If  the 
format  of  this  information  is  not  preprinted  on  the  XIT 
recorder  chart,*  write'  in  the  information.  (A  stamp 
containing  this  format  may  be  obtained  from:  The 
Sippicon  Corporation,  Marion,  Massachusetts  02731.) 
•DO  NOT  OISCURE  THE  TEMPERATURE  TRACE.  Record 
N  or  S  ond  E  or  W  after  latitude  end  longitude, 
respectively.  Record  time  ond  dote  according  to  GMT. 

Ship 

Cruise 

Latitude 

longitude 

Time  (GMT) 

Da/Mo/Yr      '  N- 

Consec  #  *~ 

KTOia  JNFOftMATfON 

♦ 

Record  complete  vessel  name,  country,  leg  sheet 
number,  fuH  name  of  institution  or  activity  sponsoring 
'the  cruise,  and,  when  opplkoWe,  originator's  cruise  ond 
station  numbers.  Enter  the  word  "Aircraft"  in  the  space 
labeled  "Vessel"  when  observations  ore  mode  from  air* 
croft.  Any  remarks  concerning  apparent  malfunction  of 
the  IT  should  be  entered  in  the,  "Remarks"  space  at  the 
bottom  of  the  IT  log  sheet,  along  with  other  pertinent 
information. 


tfCOMING  THE  tEFEftfNCE  INFORMATION 

J.  NSWMENT.^RJMiER  Record  the  com- 
plete instrument  number  (digits  ond  letters)  stamped  on 
me  note  of  the  instrument.  Enter  XIT  when  expendable 
•amythermofroph$  are  used. 

2.  CONSECUTIVE  NUMIER  Number  mo 

slide*  or  XIT  recorder  charts  comecytiveiy,  storting  with 
number  I  for  the  first  IT  token  offer  leaving  port  ond 
ending  with  the  last  slide  of  the  cruise. 

3.  DATE  (GMT)  Enter  the  GMT  day  ond 

month  in  a  rook  numerkols;  record  the  last  two  dlgltYYf 
the  year  m  orobtt  numerals. 

4.  TIME  (GMT)  Enter  GMT  hour  and 

mirvf  at  which  IT  entered  the  water. 

-  5.-  4  o:  ~  -fc*?fTUD'E  AND  lONGtTU0E~.f ntet  me 
degrees,  minutes,  ond  north  or  south,  east 'or  west 
•Hemisphere  of  latitude  and  longitude,  respectively,  at 
tjme  of  IT  lowering.  Prefix  zero  (0)  to  complete  degree 
fieldr^  ,  - 

Example:    If  lot.  is  9*30'N;  enter  4930N;  if 
long,  r*  6'21'W,  enter  0Oo2JW.  , 

7.       SEA  SURFACE  REFERENCE 
TEMPERATURE — - 
lrlr        Instrument  Precision  ond  Unft  Indicator 

 Enter  appropriate  code  from  Toble 

I  to  indicate  precisian  ond..units  of 
•instrumentation.  {Precision  applies  to 
reference  instrumentation;  depth  vtuH 
apply  to  both  surface  reference  and 
subsurface  temperature  values.)  When 
reference  temperature  observations  ore 
not  made,  enter  code  91  or  99  es 
appropriate .  * 

TrTrTf     Reference    Temperature  Enter  the 

•  surface  wofer  temperature.  When 
meosurrngeto  nearest  whole  degree, 
*nf*r  o  zero  in  the  lost  column  of  the 
temperature  field.  When  surface 
reference  temperatures  hove  not  been-  ' 
%  observed,  enter  the  surface  value  from 

me  IT  troce.  All  Celsius  (cenH  grade)' 
temperature  values  of  less  thon  0*C 
wifl  be  coded  as^T,.  (5  indicates 
mat  e  negative  reading  follows.) 
£*ompl*    -l.J*C  is  coded  os  515. 

I.   ^SENSOR  Enter  the  appropriate  code 

from  Table  2  to  indicate  the  instrumentation  used  to 
observe  the  reference  temperature.  If  appropriate  code 
Is  not  given,  identify  the  instrument  used  m  the  "RemorKj"' 
space. 


4  »  • 

Figure  39.-  Instructions  for  preparing  the  Bathythermograph  Log  Sheet.  (Continued) 
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lAWO  MtSSAOl  *#Oi*£T!ON 

To  rtcord  tht  IAXIMATHY  *******  proptrty, 
mt  ftVowttg  pr  tctdurtt  mutt  bo  foMowtd* 

A.    f«*tc  vtMtft  nomt  m  spoct^  'proYtoto**  Whtn 


tot  O^t  moot  from  t*f  tr  t  ft,  tfittr  tht  word 
"AircrWl"  In  ffct  sp«U  ■>«  id  °VtsttlM 

l»  w  ^rtW^  WttfpCtfiog  Ond  tnctding  tht-  IT  trtCtr 

ohwoys*  wcsuott 

I..  Wottr  ttmptrofvrts  of  tht  sto  wrftct  and 
of  tht  dttpts  t  ptint  #1  tht  tract." 

2.  SuffkJtftt  tnfUctitn  (fltxurt)  pttnts  It 
dtKribo  tht  ttmptrotuct  structurt  tnd  tmoM  irrtovrtor- 
ititf  to  #*t  surfoct  Wf+r  (too  txtmpJtS  b«Ww). 
Exompittr 

-  itnrtSH  untts 

50  »  *o  a  ffi,, »  »° 


Tht  f^JIgwinf-  txtmpWs  tf  small  irrtf  ultrttits  in 
At  upptr  loypr  trt  fivtn  It  assist  in  rtctfniimg 
rtitto  ftoturtt  which  mutt  to  rttorttdt 


4M«''M        ' MlWf  ***** 


T'«r*  C  •  NmM  frffirfWTty 
T'«M  O  •  94tfM  Whi»i|  Of— 


C.  Dt  not  tdjuit  troct  It  ogrtt  with  tht  raftr* 
ttict  ttmptrotUf  t§ 

0.  0t  not  routintty  tnttrprtf  froct  of  convtnttnt 
dtpth  incrtmtnb  (1<Ht.,  20  ft.,  100  ft.,  or  5m„  20m„ 
ttc)  units*  intloction  pointy  octvotfy  txtsf  of  thtvt  dtpth*. 

L  AM  voJut*  must  bt'oecvrottty  rtcordtd.  (Evtry 
tntry  mutt  bt  rtchtcktd.) 

P.  All  Ctlsiu*  (ctntigrodtj  ttmptroturt  volots  of 
lost  thtn  0*C  will  bt  eodtd  a*5TrTf .  (5  indicotts  that 
a^ntgctivt  r to  ding  follow*,} 

Exompk:  -i>Cis*t3W*«'5l5. 

G.  In  tht  'spoct  providod  in  upptr  right  of  format, 
tnttr  tht  doytimt  group,  month,  and  r—r  o(  mo  mtssogt 
trommtwion.     .  >  , 

RKOKOtNO  THI  RADIO  MESSAGE  » 
INFORMATION 

Tht  following  ittm  numbtrs  eprrtspond  to  tht 
nu  mbtrtd  fitlds  of  tht  rodia  m  ts  *  a  g  Tn  for  motion 
poction  of  tht  log  shttt. 

1.  MESSAGE  mm  Tht  prtprifittd  mttfogt 

pVtfixts  IAXIT  and  IATHY  idtntify  oircroft 
ond  thlpboord  bothythtrmogroph  obttnrotions^ 
rtiptctrvtly.    Cross  out  tht  ont  which  dots 

—  not  op£ly. 

2.  0ATI  (GMT)  

„  YY  Boy—  ■■  Enttf  day  of  mt  month  uung 

numtrols  01—  31. 

MM  Month  — —Enttr  month  using  numtrols 
.  •  01-12.  . 
2*3.  AA  Ytor— — Cnttr  last  two  digits  of  ytor  (t.g., 
1 970  h  tncodtd  as  70).  Enttr  ftrst  digit  (i.t., 
7)  in  DATE  group  (block  2)  ond  stcond  digit 
(i.t.,  0)  in  TIME  group  (block  3).  , 

3.  TIME  

GGgg— Enttr  GMT  hour  [OO)  and  minuft 
(gg)  at  which  IT  tnttrtd  tht  wottr. 

4.  L  5.    QUADRANT,  LATITUDE  AND  LONGITUDE  

Qe  Enttr  quadrant  of  tht  globt  according 

-to'TtWt.3. 
LolotaL0oridL0t0L0t0l0-- 
Enttr  dtgrtt*  and  minutts  of  latitudt  and 
/   (ongitudt,  rtsptch'vtly,  of  n'nyi  of  IT  towtring. 
Prtfix  xtro  (s)  to  complttt  dtgrtt  f'fUi, 
fxampk:    If  lot.  is  9*30*;  tnttr  0930;  tf  long, 
is  6*21';  tnttr  00621. 

6.    SEA  SURFACE  REFERENCE  TEMPERATURE  

lf  lf  ond  T,TrTf  

Follow  instructions  for  tttm  7undtr  "RECORD* 
ING  THE  REFERENCE  INFORMATION*' 

RECOR01NG  THE  DfFTH-TiMPftATURI  VALUES 

Rtgordltss  of  vniH,  tht  surfoct  dtpttVttmptraturt 
group  (Z0Z0  TQ  TQ  TQ  )  is  tncodtd  as  shown  btfow. 

ZoZqToVo       SURFACE  OEPTH-TEMPERATURE 
GROUP 

1'010         Wottr  surfoct,  00  isprtprtnttd. 

T0TQT0  Enttr  tht  surfoct  wottr  ttmptrarurt 
valut  (*F  or  *C)  as  rtod  from  tht  IT 
tract  to  tht  ttartst  ttnth  of  a  dtgrtt. 


Figure  39,—  Instructions  Totf*  preparing  the  Bathythermograph  Log  Sheet,  (Continued) 
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HCOtOMG  THi  OmH-TIMwUTUti 
VAUXS  (CONTD)  * 

SUWUtf AC£  OCTTH. 
-TEMPERATURE  CtOUf 
ZZTZTZTZ  This  group  Is  rtptattd  as  many  Hmti 
ot  nocossary  U  adtquattly  dtscriot 
tho  IT  tract. 

11  For  suesurftco  dt prhs  to  99  motor* 

or  999  fttt,  tnttr  in, wholt  motors  or 
tons  of  foot  thf  dopth  at  which  corro* 
spondiftg  ttmptrotvrt.valuts  art  rood 
from  tho  tract. 

Exompit:  For  5m.,  rtcord  05)  for 
97m.,  rocord  97,  for  30  ft.,  rtcord  03; 
for  520  ft.,  rocord  52;  for  900  ft.  rt- 
cord  90. 

SPECIAL  INSTKVCTIONS 
S99NN  NOTE:  Always  irtdudo  a  999NN  group 
bofort  recording  dtpths  of  100  motor* 
or  1,000  fttt,  200  mtttrs  or  2,000 
foot,  and  toch  succttding  1 00- motor 
or  1,000-foot  inttrval  to  termination.  * 
NN  is  codtd  as  01  for  100  to  199 
mtttrs  or  1 ,000  to  1 ,999  fttt;  02  for 
•  200  to  299  mtttrs  or  2,000  to 
2,999  foot,  ttc.  Whtn  tho  999  NN 
codt  is  tnttrod,  mark  ovt  thtZZT  ZTZTZ 
hooding. 

ZZ  For  dtpths  bttwttn  1 00  ond'tfbO  mtttrs, 

200  and  300  mtttrs,  ttc,  tnt«r  rht 
ttns  and  unrti  digits  only.  . 
Exompk.\  For  101m.,  rtcord  01;  for 
256m.,  rtcord  56;  for  375m.,  rtcord  75. 
For  dtpths  of  1,000  fttt  or  gftator, 
tnttr  tht  hundrtds  and  ton*  digits  only. 
Example  For  1,020  ft.,  rtcord  02; 
for  1,250  ft.,  rtcord  25;  for  1,410 
ft.,  rtcord  41,  ttc. 

TzT2Tf      Ttmptraturt  Group  fc*ntt>  wafer 

fomptroturt  at  dtpth  21  in  *C  or  *F  to 
tonths  of  dtgrtts.  AM  Ctlsius  (ctnti- 
grado)  ttmptraturt  vatuts  of  loss 
man  0#C  will  bt  codtd  as  5Tf Tf . 
(5  indicatts  that  a  ntgativt  rtading 


T#W#  1  INSTRUMENT  PRECISION  AND  UNIT 
INDICATOR 


PAECJSION  OF  SUAFACE 
COM  AEFfAENCE  TEMPfcAATUAE 
FIGUAE  1NSTAUMENTATON 


UNITS 
DEPTH  TEMP. 


11 

T*»t.  t#  nttrwl  0.1* 

FT 

*F 

22 

Ttmp,  tonooroit 

ft. 

'F 

33 

T*mp.  tt  ntorttf 

o.r 

M. 

•F 

44 

T#*wo«  ft  ntarttl 

M. 

•f 

55 

Temp  tt  nsortst 

0.1  • 

-  *  FT 

*C 

*64 

Te*np.  to  04 w til 

«fcoi«  d»frtt 

FT. 

77 

Temf.  n+ot*tl 

or 

M. 

•ct 

U 

T«mp.  H  r»m**t 

M. 

*c 

♦1 

ft. 

*F 

9f 

Atfwnct  twnp»r«tvr«  not  mtowvd 

*C 

To4W  2  REFERENCE  TEMPERATURE  SENSOJt  CODE 


CODE  SENSOA* 

1  Ivcfcf  Thtmfm#«tf 

2  Inpctton  Thcrmomttw 

3  Atvvrtinf  IWmomtHr 


CODE 


SENSOA 
Thfmoo/ooh 

Thtffmtwttf 

■r 


T+k  3    QUADRANT  OF  THE  GlOftE 


CODE  QUADRANT 


180* 


NE 
<SE 
SW 
NW 


180* 


NW  =  7j  NE  =  1 


IA0* 


180* 


Figure  39:^  Instructions'  fot  preparing  the  Bathythermograph  Log  Sheet  (Continued) 
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HEPEtlNfE  INFORMATION 


COUNWY 


on- 


SHEET  NO.  i 


OUISE  NO.       STATION  NO 


IT  INSTtUMCNT 
NUMHIANOlfTni 


consecutive 

SUOC'NUMftU 


DATE  (GMT) 


TIME  (GMT) 


DAY    MONTH    ft  At 


HOUft  M*N 


>3  ji 


y  057  / 


t: 


-3~~  lONGfrUOC 


OCG 


owr-  i  mjn 


/•7 


SCA  SUtEACE 
TZMtCtATUtC 
1  '  tlM>. 


'»       I,       1,      T»  ?. 


Figure  40.—  Example  of  the  correct  entries  for  the  reference  section  of  the  Bathythermograph 

Log  Sheet 


RADIO  MESSAGE  INfORMAflON 


1 

2 

T 
f 
A 
t 

3 

message  mnx 

DATE  (GMT) 

TIME  (GMT) 

OAT 

MONTH 

rt 

MOUi 

MlN 

aanaa 

JLJL 

/  H 

6? 

JL 

7 

/ 

JTT. 

53 

t  * 

H  4 

I*  17 


0 

u 

A 
0 

4 

LATITUDE 

OCG 

MIR 

fit 

/ 

-2 

O 

oirm 

rtMf  ] 

o|o 

5-  3  ?| 

X  X 

',      'l  j 

DEPTH 

TIM*  I 

I  X 

'1     V    '1  1 

/ 

0 

X  X 

'»     »t     '1  1 

1 

X  1 

fl     ^=         27         23  -  27 

lATHTTWf  KMQG<A>W  TtACI  MAttNOS 


1  x  x 

hr 

'»  '» 

'1  '#  't 

DEPTH 

TIM* 

X  X 

t.  tt  tt 

H 

X  X 

'1  '»  ?• 

1 

\ 

X  X 

U  u 

OAT  TIME  OEQUP 


i 

IONG4TU0C 

OCG 

MlN 

/  7 

V 

6 

21 

22 

DEPTH 

TEMP. 

X  X 

»i  U 

jh 

r 

a. 

X  X 

'1     '1  '1 

1 

X  X 

'r     '1  '1 

MONTH-YEAf 


*3 


* 

sca  suwACf  ttf  n Mf 

cooc 

TEMP 

J. 

/ 

l> 

r 

V 

c 

n 

OCfTH 

TEMP 

X 

X 

X 

X 

4 

MESSAGE 

5WHX 

1 

9 

t 

9 

1 

*3 

47 

Figure  41.—  Example  of  the  radio  message  section  of  the  Bathythermograph  Log  Sheet. 
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NANSEN  CASTS 


A  Nansen  cast  consists  basically  of  lowering 
a  series  of  Nansen  bottles  (with  reversing  ther- 
mometers attached)  into  the  water  on  a  steel 
cable,  and  bringing  up  water  samples  and  tern* 
perature  readings  from  selected  depths.  In  the 
Coast  Guard  OSV  oceanographic  program,  the 
water  samples  are  analyzed  for  salinity  and 
frequently  for  oxygen.  The  depths  to  be  sampled 
and  the  wire  lengths .  to  be  used  axe  found  in 
CG-410,  Manual  for  Oceanographic  Observations. 

NANSEN  CAST  ROUTINE 

-  "  In  the  following  subsection,  we  will  consider 
the  specific  actions  that  Oceanographic  Team 
members  should  take  to  properly  make  a  Nansen 
cast* and  to  collect  the  temperature  and  depth 
data  and  the  water  samples  required  Figure  42 
is  a  chronological  chart  of  the  Nansen ^cast 
routine;  the  chart  defines  the  duties  of  each 
member  of  an  Oceanographic  Team. 

We  will  now  discuss  the  three  phases  of  the 
Nansen  cast  routine— pre-cast,  during  the  cast, 
and  post-cast.  This  information  is  .condensed  into 
a  Nansen  cast  check  list  in  CG-410,  We  recom- 
mend that  all  personnel  use  this  list. 

P  RE-CAST 

During  the  pre- cast  phase,  the  following 
steps  should  be  followed: 

1.  The  OOP  calls  the  safety  officer  and 
the  oceanographic  supervisor  one  hour  prior  to 
arrival  or  commencement  of  station. 

A* 

2.  The  oceanographic  supervisor  or  winch 
operator  gets  power  to  the  winch*  so  that  the 
hydraulic  fluid  may  be  warmed  up  to  the  rec- 
ommended operating  temperature  and  so  that 
the  winch  can  be  exercised  by  cast  time.  When 
operating  in  cold  temperature,  such  as  is  ex- 
perienced on  BRAVO  in  the  winter,  it  may  be 
necessary  to  begin  warming  hydraulic  fluid  at 
least  an  hour  before  cast  time. 


3.  The  oceanographic  supervisor  fills  out, 
in  advance,  as  much  as  possible  of  the  Ocean- 
ographic Deck  Log,  CG-4502;  the  oceanographic 
logbook;  and  the  temperature  message,  form 
(directions  for  completing  these  forms  appear 
later  in  this  section).  He  records  wire  lengths 
under  the  first  column  of  the  Oceanographic  Deck 
Log.  These  wire  lengths  are  the  depths  to  be 
reached.  _ 


4.  ■  The  oceanographic  supervisor  calls  up 
the  winch  team. 

5.  The  oceanographic  supervisor  estimates 
the  expected  wire  angle  and  delivers  the  appro- 
priate winch  card  to  the  winch  operator. 

*  6.  The  ^oceanographic  supervisor  and  the 
platform  man  check  out  all  Nansen  bottles  in 
the  deck  rack  and  ensure  that: 

a.  The  bottles  axe  arranged  in  proper 
sequence  and  are  correctly  recorded  on  the  Ocean- 
ographic Deck  Log,  It  is  recommended  that  bot- 
tles be  arranged  1-20,  from  right  to  left,  with 
bottle  1  being  the  surface  bottle  and  bottle  14 
normally  being  the  1500-meter  bottle. 

b\  The  bottles  are  in  proper  working 
condition.  They  check  the  working  parts  and  also 
check  the  fulcrum  screw  (part  no.  60-30-A)  and 
the  3/8"  bolt  which  holds  the  fulcrum  (part 
no,  60-5-B)  to  the  arm  (part  no.  60-27-A)  'for 
looseness.  Fulcrum  screw  and  stud  should  be 
pinned  in  place  with  1/8"  CRES  pins  as  shown 
in  CG  Drawing  120086.  Bottles  with  thermometers 
may  be  lost  if  these  parts  are  loose. 

c.  'the  valves  are  open  and  that  the 
petcock  and  air  vent  are  closed. 

d.  <  The  Nansen  bottles  'are  in  the  in- 
verted position  (main  thermometer  reservoirs 
down)  and  that  all  mercury  has  drained  from 
the  mainithermometcr  bulbs. 
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ICEANO.  OFFICES 


OCEIJtO.  -SUFV, 


HATF0IM  MAN 


IOTTU  fkSSii       ItNCH  0KIATQI 


PRECAST 


CAST 


CMlCt  MIMIAIIMS 
CII  ClUt   fllM  lit 

en  ni't  Minssie* 
taut  SIIIIHC 


cite  t»  am  a  • 


t*;o  rn  cimici  is 
tin  Micdnit 


RMIfT  III  S(CU«IS 


ISHRAII   lilf  AMClf 
JILICI  fiRCR  CAM 
"11  IUI  ta  AMARCC 

net  III 
CHI  •»  till.  ' 

in  m  raiser  linns 
«!•  t«L iv  timet 

CMICt  MMrCIHIRI 

'  aii  immhii  ir 

•AISCR  IMIIES 

fill  icftfli  ieeicir-s 

MIRissiir. 
chici  siiimrc 


sun  em  imi 

MCHt  "Stltl'MlKI. 
msitr  SlltlflSI  ALL 

OMMIIlis 
SIIICI   1 1 NCR  IMMIM 

till   RAMI  SICMIS. 


LOlia  SIIEACI  IIIT1I 
ari  ricim  "MRR/* 
IIBI. 

RAII  1IR  (  l|>    RlNtflf t. 
aM*  KISSEMSEI  All 

RIASUII  fill  JUCLI  . 
MII°MI,RESSIRCIi: 

>5i  rums  mini, 

•ieift|   **HSSINCM"  t IRE 


SlAffl  CASI  *P 

Mem  ■■  sun  if  iiri. 

:«ICI  RAM  SI  I  IIIHES 
Ml  RAlMlCtlll. 

:uici  rircr  inmiff 

tun  RAMI  SMMLS 
AMI  SIRC  III  "|M 

SICMI"  imi  -smieaci  v. 
MClai     vp"  iiri, 

RAtl   IUICI  CMICt  IE 
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Figure  42.—    Typical  Nanyn  Ca«t  Routine 


e.  Salinity  sample  bottles  are  under 
each  Nansen  bottle  and  that  the  numbers  are  prop- 
erly recorded 

7.  If  the  team  makes  a  cast  at  night,  the 
oceanographic  supervisor  checks  for,  proper 
lighting  of  all  areas,  including  the  area  over  the 
side  at  the  platform. 

8.  The  platform  man  puts  on  a  work  life- 
jacket,  (or  wet  suit  or  other  suitable  flotation 
gear),  hard  hat,  swimmer's  harness  with  a  safety 
line  secured  to  the  ship,  and  a  leather  arm  guard. 
He  inspects  the  A- Frame  and  platform  to  ensure 
that  all  pins  are  properly  seated  and  all  braces 
are  installed  He  also  inspects  the  rigging  of 
the  meter  wheel  block  to  ensure  that  the  shackle 
is  properly  seated  and  the  remote  counter  and 
counter  cable  are  rigged  The  counter  cable 
ends  should  be  supported  by  small  stuff.  The 

.counter  cable  should  have  sufficient  slack  to  allow 
for  movement  of  the  meter  wheel.  He  checks  to 
ensure  that  the  weight  and  the  swivel  between 
the  weight  and  cable  are  properly  shackled  on. 
He  also  checks  to  make  sure  that  the  messengers 
are  readily  available,  that  the  cable  clamp,  is 
rigged  for  instant  use,  and  that  the  safety  lanyard 
is  rigged  ' 

9.  Upon  arrival  on  station,,  the  OOD  takes 
a  sounding  and  delivers  this  information  to  the 
safety  officer  and  oceanographic  supervisor. 

10;  The  oceanographic  supervisor,  after 
ensuring  that  all  preparations  for  the  cast  have 
been  made,  so  notifies  the  safety  officer. 

11.  The  safety  officer  double-checks  all 
preparations  and  establishes  communications  with 
the  OOD.  He  checks  to  ensure  that  wind  and  cur- 
rent are  on  the  platform's  side,  checks  on  the 
sounding,  requests  any  maneuvering  necessary  to 
set  up  for  cast,  and  obtains  permission  to  starts 
the  cast. 


DURING  THE  CAST 

9  During  the  cast,  the  following  steps  should 
be  followed: 

1.    The  OOD  should  provide  for:  , 

a.    Constant  communications  with  the 
Oceanographic  Team. 


b.  Fathometer  watch  and  soundings, 
especially  if  water  is  rapidly  shoaling. 

c.  At  least  two  navigational  fixes  during 
the  station  if  Loran  or  other  quick  means  are 
available.  Use  the  average  fix  as  the  station 
position. 

*d.    Weather  observations  required  for 
•  the  Oceanographic  Deck  Log.  4 

2.  The  OOD  should  notify  the  safety  officer 
of  all  significant  changes  in  sounding. 

3.  The  OOD  should  be  cognizant  of  the 
current  and  wind  t  conditions  and  observe  thetr 
effect  on  wire  angle.  He  should  maneuver  to 
prevent  the  cast  from  going  under  the  ship  or 
leading  too  much  astern.  Heshould  also  maneuver 
to  keep  the  wire  angle  within  45*.  Generally, 
the  wind  should  be  kept  on  the  system's  side 
and  on  the  quarter  or  bow.  Drift  with  the  wind 
On  the  beam  if  the  wire  angle  is  reasonable  and 
swells  permit. 

4.  The  safety  officer  gives  the  "go-ahead" 
and  observes  and  double- checks  for  correct  and 
safe  procedures. 

5.  The  oceanographic  supervisor  directly 
controls  the  performance  of  all  members  of  the 
Oceanographic  Team  except  the  safety  officer. 
He  positions  himself  where  he  can  see  the  cast 
entering  the  water  and  can  see,  and  be  seen  by, 
alf  members  of  the  team.  He  should  also  be 
able  to  see  the  rpmote  counter.  He  directs  the 
winch  operator  with  hand  signals  and  by  voice. 
The  oceanographic  supervisor  should  make  sure 
that  the  winch  operator  understands  the  hand 
signals  used 

6.  Upon  direction  by  the  oceanographic  sup- 
ervisor, the  platform  man  swings  the  "weight  over 
the  side  and  the  winch  operator  lowers  it  to  jusi 
below  the  surface  of  the  water,  allowing  for 
enough  depth  to  compensate  for  sea  and  swell 
waves  and  for  ship  rolls.  The  platform  man  zeroes 
the  cable  counter  and  hangs  the  first  bottle 
(bottom  bottle  of  cast).  For  the  regular  14-bottle 
1500-meter  cast,  this  is  bottle  number  14,  It 
is  very  important  that  the  platform  man  zero  the 
cable  counter  at  this  point.  He  does  this  merely 

.manually  twisting  the  meter  pointer  (or 
pointers)  to  exactly  zero.  The  oceanographic  sup- 
ervisor records  the  start  time  on  the  Oceano- 
graphic Deck  Log. 


7.  The  bottle  passer, passes  Nansen  bottles 
to  the  platform  man,  beginning  with  the  highest 
numbered  bottle  of  the  cast  and  working  towards 
the  lower  numbers.  He  checks  to  see  that  the 
Nansen  bottle  valves  are  open  and  that  the  petcock 
and  air  vent  are  closed*  The  Nansen  bottles  should 
always  be  carried  in  i  vertical  position  and  should 
be  handled  gently,  so  that  the  reversing  ther- 
mometers are  not  damaged  or  caused  to  mal- 
function. The  Nansen  bottles  should  never  be 
handled  by  the  thermometer  frames;  it  is  too 
easy  squeeze  the  frames  and  crush  the 
thermometers* 

8.  The  platform  man  snaps  a  safety  lanyard 
onto  the  operating  rod  of  each  Nansen  bottle 
as  he  receives  it.  He  secures  the  bottle  to  the 
cable,  using  only  finger  pressure  on  the  clamp 
wing  nut.  The  wing  nut  stud  is  silver-soldered  in 
place,  and  undue  force  will  [fall  it  loose,  causing 
loss  of  the  bottle  when  it  trips.  Therefore, 
he  should  NEVER  USE  ANY  SORT  OF  TOOL  OR 
LEVER  TO  TURN  THE  WING  NUT.- 

The  safety  lanyard  is  a  length  of  line  with 
a  halyard  snap  on^one  end.  It  is  secured  to  the 
platform  within  easy  reach  of  the  platform  man 
to  prevent  loss  of  the  Nansen  bottle^if  it  slips 
from  the  grasp  of  the  platform  man.  and  later 
It  serves  to  prevent  premature  release  of  mes- 
sengers. It  should  be  secured  with  a  quick  release**, 
hitch  so  that  if  the  cable  accldently  pays  out 
while  the  lanyard  is  still  fastened  to  a  Nansen 
bottle  on  the  cable,  the  lanyard  can  be  immediately 
cast  loose  to  prevent  damage  to  the  Nansen  bottle. 

9.  The  platform  man  double-checks  .the 
Nansen  bottle  valves,  petcock,  air  vent,  and  ther- 
mometers after  the  bottle  has  teen  secured  tothe. 
cable,  He  checks  to  pee  that  the  bottle  is  firmly 
secured  to  the  cable  and  then  takes  the  safe- 
ty lanyard  off  the  Nansen  bottle  and  snaps  it 
onto  the  cable  below  the  bottle.  He  then  hangs 
a  messenger  (or  messengers  if  double  messengers 
are  needed)  on  the  Nansen  bottle  (all  except  the 
bottom  bottle}.  If  the  messenger  slips  from  his 
grasp,  the  safety  lanyard  will  prevent  it  from 
sliding  down  the  cable  and  pre-tripping  the  cast. 

10.  The  platform  man  removes  the  safety' 
lanyard  and  signals  the  oceanographic  supervisor 
when  he  is  ready  for  the  cast  to  be  lowered. 
If  the  cast  is  in  danger  of  touching  the  platform, 
the  platform  man  fends  the  cast  away  from  the 
platform  with  his  leather  arm  guard. 


11*  The  oceanographic  supervisor  directs  the 
winch  operator  to  lower  away  slowly  until  the  Nan- 
sen bottle  enters  the  water  and  then  to  lower  at 
a  faster  rate  if  conditions  permit,"  Winch  speed 
should  not  exceed  100  meters  per  minute  unless 
conditions  are  ideal.  If  a  Nansen  bottle  enters 
the  water  too  fast,  the  shock  may  trip  it,  resulting 
in  pre-tjipping  of  the  whole  cast  below  it  and/or 
resulting  in  the  bottlQ  closing  with  trapped  air 
and  imploding,  thus  destroying  the  bottle  and 
thermometers.  The  winch  operator  must  use 
extreme  caution*  in  lowering  the  first  bottle 
(bottom  bottle),  because  it  always  goes  down  at  a 
low  wire  angle  an&  passes  very  close  to  the 
platform.  / 

.The  oceapdgraphlc  supervisor  records  meter 
wheel  counter  readings  on  the  Deck  Log  under 
the  heading  "wire  out,"  If  the  winch  operator 
inadvertently  lowers  the  cable  past  any  of  the 
planned  depths,  he  should  not  haul  up  the  cast. 
He  should  simply  locate  the  bottle  at  a  different 
point.  The  oceanographic  supervisor  should  re- 
cord the  new  wire  length  and  the  new  meter  wheel 
reading  and  also  note  this  in  the  oceanographic 
logbook  and  in  the  remarks  of  the  temperature 
message. 

12.  The  winch  operator  must  take  particular 
care  NOT  TO  PAY  OUT  THE  CABLE  TOO  FAST, 
ESPECIALLY  WHEN  THE  SHIP  IS  ROLLING. 
He  must  keep  the  winch  speed  within  100  meters 
per  minute  unless  conditions  are  ideal,  A  sharp 
roll  towards  the  cast  when  the  cable  is  rapidly 
paying  out  may  result  in  the  cable  slackening, 
thus  causing  the  cable-to  become  damaged.  This 
is  the  primary  cause  of  the  loss  of  oceano- 
graphic gear.  The  winch  operator  should  operate 
the  winch  smoothly.  Sudden  starts  and  stops  may 
over  load  the  cable,  pre-trip  the  nansen  bottles, 
or  cause  thermometer  malfunctions. 

13.  Under  the  oceanographic  supervisor's 
direction,  the  winch  operator  lowers  the  cast  and 
the  platform  man  hangs  the  bottles  at  predeter- 
mined cable  lengths  until  the  surface  bottle  is 
hung.  Then  the  wfcich  operator  lowers  the  cast 
until  the  surface  bottle  does  not  quite  break  the 
surface  of  the  water  on  the  heaviest  rolls  of  the 
ship  away  from  the  cast. 

14.  After  the  wincfh  operator  has  lowered  the 
cast  to  the  proper  depth,  he  allows  it  to  "soak" 
for  at  least,  ten  (10)  minutes  to  permit  the  re- 
versing thermometer,  to  come  to  equilibrium  with 


the  water,  temperature  and  to  insure  complete 
flushing' of  the  Nansen  tottles.  Theoceanographic 
'supervisor  records  the  "down"  time  on  the  Deck 
Log. 

^ 

15.  .While  the  cast  is  soaking,  the  jupjsr- 
visor  directs  the  bottle  passer  to  obtatnithe  navi- 
gational position  and  weather  observations  from 
the  bridge,  and  then  the  supervisor  records  the 
data  on  the  Deck  Log,  During  the  time  on  station, 
the  OOD  or  navigator  should  be  able  to  obtain 
at  least  two  fix£s.  The  Navigator's  best  average 
of  positions  during  the  time  on  station  should 
be  accepted  and  recorded  as  the  station  position. 
'It  is  convenient  to  provide  the  bridge  watch  with 
.  "filMn-the-blank"    type   weather  observation 

forms.  A  suggested  format  is  included  in  CG-410. 
NOTE:  KEVER  LEAVE  A  CAST  UNATTENDED. 
%  Whenever  there  is  equipment  over  the  side,  at 
least  one  member  of  the  tea{n  should  be  assigned 
to  keep  a  watch  on  it. 

16.  After  the  cast  has  been  down  for  ten 
minutes,  the  oceanographic  supervisor  drops  the 
messenger,  measures  the  wire  angle,  and  records 
the  messenger  time  on  the  Deck  Log.  ^ 

17.  The  supervisor  allows  sufficient  time  for 
the  messenger  to  travekdown  the  cable  at  a  rate 
of  150  meters  per  minute.  It  is  prudent  to  add  f. 
an  additional  minute  for  each  1000  meters  of  cable 
out.  For  example,  if  1950  meters  of  cable  are 
out,  allow  at  least  15  minutes.  After  the  proper 
time  irtterval,  the  oceanographic  .supervisor  di- 
rects the  team  to  bring  the  cast*  in  and  records 
the  <4wire-in"  readings. 


man  removes  the  safety  lanyard  from  each  bottle 
as  he  passes  each  to  th£  bottle  passer.  He  again 
uses  his  leather  arm  guard  to  fend  the  cast  off 
the  platform,  if  necessity, 

20.  The  winch  operator  watches  the  cable 
counter  and  the  oceanographic  supervisor,  and 

^begins  to  slow  the  winch  when  #he  gets  to  within 
10  meters  of  a  Nansen  bottle* 

21.  The  oceanographic  supervisor  watches 
the  bottles  as  they  come  up  and  checks  for 
malfunctions  which  may  indicate  the  need  for  a 
recast.  A  recast  may  be  necessary  if  bottles 
have  slid  down  the  cable  or  have  failed  to  trip. 
The  oceanographic  supervisor  also  makes  a 
quick  check  of  the  difference  between  protected 
and  unprotected  reversingthermometer readings," 
and  compares  them  with  4Ts  provided  by  the 
Coast  Guard  Oceanographic  Unit.  This  com- 
parison gives  him  both  a  rough  estimate  of  the 
actual  depths  reached  and  of  the  performance 
of  the  pressure  thermometers  and  an  indication  of 
whether  or  not  there  was  pre-tripping  pr  post- 
tripping.  A  recast  of  all  bottles  should  be  made  in 
case  any  of  the  following  occurs: ' 

a.  More  than  two  pressure  thermom- 
eters malfunction, 

b.  Pre-tripping  or  post-tripping  of 
more  than  one  bottle  is  indicated 

c.  More  than  one  bottle  fails  to  trip. 


18.  The  oceanographic  supervisor  directs 
the  .winch  operator  and  signals  him  as  each  Nan- 
sen bottle  comes  in  sight  and  again  as  each 
breaks  the  water's  surface.  The  oceanographic 
supervisor  also  uses  hand  signals  to  indicate 
exactly,  when  to  stop  the  winch  so  as  to  bring  the 
Nansen  bottles  to  a  proper  height  for  the  platform 
,man  to  remove  them  from  the  cable.  Extreme 
caution  must  be  used  in  bringing  the  last:  bottle  ^  POST-CAST 
(bottom  bottle)  up.  It  always  comes  up  at  a  low 
wire  angle  and  passes  very  close  to  the  platform. 


22.  The  oceanographic  supervisor  records 
"up  time"  when  inhaul  begins  and  ."in  time" 
when  the  cast  is  secured. 


23.  As  soon  as  the  supervisor  determines 
that  the  cast  is  acceptable,  he  has  the  platform 
man  bring  the  weight  aboard.  The  oceanographic 
officer  then  notifies  the  OOD  th*t  the  cast  is- 
secured 


19.  As  each  bottle  is  brought  to  a  stop  at 
the  proper  height,  the  platform  man  snaps  the 
safety  lanyard  onto  each'  bottle*  removes  the 
messengers  and  hands  them  to  the  bottle  passer, 
and  removes  each  Nansen  bottle  from  the  cable 
and  hands  each  to  the  bottle  passer*  Theplatform 


During  the  post- cast  phase,  theoceanographic 
supervisor,  normally  assisted  by  the  platform 
man,  either  supervises  or  performs  the  following 
procedures:' 

1.  He  immediately  draws  salinity  samples 
into  the  sample  bottles  located  beneath  the 
Nansen  bottles  in  the  deck  rack  (an  experienced 
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bottle  passer  can  begin  drawing  these  as  the 
cast  is  coming  up).  The  supervisor  draws  these 
samples  before  the  water  can  freeze  in  the  Nansen 
bottles  and  takes  the  sample  bottles  into  the  lab 
before  they  can  freeze.  ;He  makes',  sure  that 
the  salinity  samples  are  drawn  into  the  propel 
sample  bottles  and  that  the  sample  bottle  numbers 
are  correctly  recorded. 

He  rinses  each  sample  bottle  twice  with 
sample  water  prior  to  filling.  He  also  rinses 
the  stopper  or  cap  by  pouring  the  rinse  water 
■  out  over  them. 

He  fills  up  the  sample  bottles  onty  to  the 
shoulder  and  then  inverts  each  sample  bottle  and 
checks  each  for  leaky  stoppers  or  caps.  If  he 
finds  leaky  stoppers  or  caps,  he  should  substitute 
different  bottles  ..making  sure  that  the  new  bottle 
numbers  are  logged 

He  should  also  draw  an  additional  sample 
from  the  surface  and  bottom  Nansen  bottles  of* 
the  cast  to  send  to  the  Coast  Guard  Oceanographic 
Unit  for  quality  control  purposes.  After  he  has 
drawn  all  of  the  samples,  he  drains  the  Nansen 
bottles.  V 

2.  After  the  cast  is  up,  thesupervisor  must 
^Uow  25  to  30  minutes  for  the  thermometers 

to  come  to  equilibrium  with  the  air  temperature 
before  he  reads  them.  He  reads  *the  main  ther- 
*  mometers  to  the  nearest  0.01*  C  and  the  auxiliary 
thermometers  to  the  nearest  O.TC.  He  has  one 
man  r$ad  the  thermometers  and  another  man  to 
record  the  readings  on  the  Oceanographic  Deck 
Log.  Then  the  men  should  exchange  positions  and 
read  again  ,  as  a  check.  The  readings  of  a  ther- 
mometer should  agree  to  within  O.orc  (main)  and 
to.  within  0.5*  C  (auxiliary). 

4  * 

Readings  of  two  or  moreprotectedthermom- 
etfers  in  one  .bottle  should  agree  to  0,rc.or  less 
for  the  main  thermometers.  If  the  difference  is 
more  than  O.TC,  the  men  should  place  a  dot 
next  to  the  •temperature  value  to  indicate  that 
they  have  rechecked  their  readings.  The  men 
should  resolve  ang  difference  in  readings  im- 
mediately upon  noting  the  difference. 

All  hands  should  avoid  touching  or  breathingon 
the  thermometers  or  Nansen  bottles,  because  this 
can  change  the  readings. 

3.  Jmmedfately  after  reading  the  thermom- 
eters, the  oceanographic  supeWlsor  makes  up  the 


temperature  message.  He  assigns  PRIORITY  pre- 
cedence to  it,  has  it  checked  by  the  oceanographic 
office*,  and  ensures  that  it  is  delivered  to  the 
appropriate  officer  for  release. 

4.  After  the  oceanographic  supervisor  has 
read  the  thermometers,  he  opens  and  inverts  the 
Nansen  bottles  and  closes  the  petdock  and  air 
vejtit.  He  checks  the  main  thermometers  to  ensure 
that  alL  of  the  mercury  has  drained  from  the 
bulb.  (If  the  bulbs  will  not  drain,  see  Chapter 
6,  N.O.  607,  for  the  procedures  to  be  followed.) 
The  Nansen  bottles  and  the  reversing  thermom- 
eters are  now  ready  for  the  next  cast. 

5.  He  allows  the  salinity  samples  to  come' 
to  temperature  equilibrium  with  the  Oceano- 
graphic Laboratory,  the  salinometer,  and  the  stan- 
dard water  vials.  This  takes  about  24  hours. 
He  ^(ans  salinity  analyses  about  every  three  to 

-  five  stations.  A  greater  frequency  than  this  uses 
up  too  much  standard  water.  He  transmits  the 
salinity  data  to  the  Coast  Guard  Oceanographic 
Unit  by  ROUTINE  message. 

6.  He  completes  the  Oceanographic  Deck 
Log,  attaches  it  to  the  left-hand  page  of  the 
oceanographic  logbook,  and  records  anypertinent 
information  in  the  oceanographic  logbook.  He 
ensures  that  all  of.  the  data  and  comments  are 
legible  and  are  detailed  enough  to  explain  any 
problems  encountered  during  the  cast  that  may 
affect  the  quality  of  the  data., 

7.  The  last  step  of  a  Nansen  cast  routine 
is  to  carry  out  appropriate  cleaning,  lubrication, 
or  other  necessary  maintenance  on  equipment. 

DESIRED  DEPTHS,  WIRE  LENGTHS,  AND  THE 
»  WINCH  dARD  , 

The  primary  product  of  a  Nansen  cast  is 
a  description  of  the  Water  column  at  the  geo- 
graphic location  of  the'hydrographic  station.  The 
oceanographer  wants  to  know  how  temperature  and 
salinity  vary^with  dfcpth.  Ideally  a  cast  is  taken 
to  the  bottom,  and'as  triany  levels  as  possible  are 
sampled.  Realistically,  there  are.  limitations  upon 
the  total  depth  of  casts,  the  amount  of  equipment , 
available  and  the  amount  of  equipment  that 
can  be  safely  placed  on  the  cable.  Therefore,  the 
oceanographer  must  decide,  at  whit  depths  to. 
place  a  limited  number  of  Nansen  bottles  and 
thermometers  in  order  to  best  describe  the 
water  column. 
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In  the  classical  situation,  the  ocean  can  con- 
veniently ^be  divided  into  three  layers.  There  is 
a  mixed  layer,  which  is  nearly  isothermal  from 
the  surface  to  a  depth  of  about  50-300  meters 
depending  upon  the  location?  season,  meteorolog- 
ical conditions,  and  other  factors.  Below  the  mixed 
layer  the  water  column  undergoes  a  rapid  decrease 
in  temperature  with  depth.  This  region  is  called 
the  thermocline  and  majTextend  to  1000  meters 
in  some  areas.  Below  the  thermocline,  which  is 
marked  by  steep  temj^/ature  gradients,  is  the 
deep  layer,  where  the  temperature  slowly  de- 
creases with  depth. 

In^the  middle  latitudes,  where  all  of  the 
Coast  Guard  Ocean  Stations  and  Standard  Mon- 
-  itoring  Sections  are  located  in  both  the  North 
,  Atlantic  and  the  North  Pacific,  seasonal  vari- 
ations in  the  properties  of  the  water  column  are 
greatest  and  they  are  greatest  near  the  surface. 
Thus,  most  of  the  Nanaen  bottles  will  be  con- 
centrated within  the  first  few  hundred  meters. 
For  greater  depths,  bottle  spacing  is  normally 
increased. 

The  present  Coast  Guard  Time  Series  Ocean- 
ography Program  on  the  Ocean  Stations^requires 
Nansen-equippped  OSV's  to  take  daily  14-or  15- 
bottle  casts  to  a  1500^  meter  death  with  one  deep 
cast  to  near  bottom  once  during  the  patrol.  Nan- 
sen  casts  of  14-15  bottles  are  required  on  the 
Standard  Monitorirfg  Sections  to  1500  meters  or 
to  neaiubottom  for  stations'  of  bottom  depths  less 
than  1500  meters  and  to  near  bottom  for  selected 
stations  with  bottom  depths  greater  than  1500 
meters.  The  desired  depths  for  bottle  placement 
have  been  selected,  bas.ed  on  historical  data,  - 
to  best  describe  the  water  column  and  ta  deter- 
mine the  changes  that  are  taking  place  with  time. 
The  desired  depths  for  each  Ocean  Station  and 
Standard  Monitoring  Section  are  listed  in  CG-410. 
Desired  depths  will  also  be  included  on  the  ther* 
mometer  arrangement  sheets  delivered  to  the  ves- 
sel by  the  Coast  Guard  Oceanographic  Unit  or 
Commander,  Western  Area,  prior  to  a  project 

The  cable  with  Nansen  bottles  and  thermom- 
eters attached  will  usually  assume  an  angle  with 
the  vertical,  called  the  wire* angle.  In  order  to, 
aim  at  locating  bottles  at  desired  depths,  it  is 
necessary  to  estimate  the  wire  angle  and  to  place 
out  more  cable"  (wire  length)  accordingly  for 
each  bottle.  In  actual  practice,  the- oceanographic 
supervisor  estfmates  the  wire  angle  which  will 
be  experienced  and  ^elects  the  winch  card  for  the 


wire  angle  range  closest  to -his  estimate.  Each" 
ship,  through  experience,  should  make  up^a  table 
of"  ^wire  .angles  for  varying  wind  forces,  sea 
states,  and  other  factors. 

The  winch  card  reflects,  the  wire  lengths 
'  necessary^-to  reach  near  desired  depths  for  the 
particular  wire  angle.  The  winch  card  is  made 
up  from  the  Wire  Angle/Wire  Length  Tables, for 
each  Ocean  Station  Project  and  Standard  Monitor- 
ing Section  Project. 

The  oceanographic  supervisor  is  limited  to 
four  sets  of  wire  lengths  from  which  to  make 
up  his  winch  card,  iot  wire  angles  of  0\  5-15*, 
20-3(T  and  35-45*,  respectively.  The  reasons  for 
the  limitation  to  only  four  sets  of  wire  lengths 
are  that  four  sets  facilitate  quality  control  of 
the  data  by  the  Coast  Guard  Oceanographic  Unit 
and  that  experience  shows  that  estimation  of  wire 
angles  mox;e  accurate  than  10*  is  infrequent  and 
really  not  necessary. 

The  oceanographic  supervisor  should  make  a 
set  of  four  permanent-type  winch  cards  for  each 
project  scheduled  for  the  ship  prior  to  each  project. 
Then  prior  to  each  station,  he  estimates  the  wire 
angle,  selects  the  appropriate  winch  card,  and 
gives  it  to  the  winch  operator.  The  winch  card 
shows  the  total  amount  of  cable  that  rnUst  be  paid 
out  when  each  Nansen  bottle  is  hung  on  the  cable. 
The  figures  on  the  winch  card  are  the  same 
figures  which  should  show  on  the  meter  wheel 
counter  each  time  a  bottle  is  .hung.  The  winch 
card  is  the  fcasic  guide  to  the  winch  operator; 
it  tells  him  exactly  where  to  stop  his  winch  for 
each  bottle  to  be  hung.    '  , 

Figure  43  shows' a  hypothetical  series  of 
desired  sampling  depths  Jor  a  14-bbttle  Nansen 
cast.  Note  that  the  upper  levels  are  sampled 
at  much  closer  intervals  than  are  the  lower 
levels.  Figure  43  also  shows  the  wire  lengths  to 
which  the  bottles  are  lowered  in  order  to  reach 
the  desired  depths  for  a  25*  wire  angle.  Figure 
43  includes  the  meter  wheel  counter  readings  at 
which  the  winch  is  stopped  and  the  bottles  are  * 
placed  ojn  the  cable. 

Meter  wheel  readings  are  determined  from 
the  wire  lengths  by  simply  subtracting  the- wire 
length  value  from  the  maximum  wire  length  of 
cast,  1655  meters  in  thi$  case.  The  meter  wheel 
readings  are  presented  on  the  winch  card  in  the 
order  in  which  bottles  are  placedon  the  cable,  for 


example,  OM-1655M  for  bottles  14-1,  respectively. 
The  use  of  the  winch  card  in  setting  up  a  Xansen 
-castas  as  fellows: 

1.  A  wire  angle  of  25*  has  been  estimated, 
the  winch  card  has  been  selected,  and  the  weight 
is  being  swung  over  the  side. 

,2.  The  weight  has  been  lowered  into  the 
water,'  the  meter  wheel  counters  "zeroed," 
and  the  first  tfansen^ bottle  is  hung; -Note  that  this 
"first"  bottle  is  the  bottom  bottle  of  the  cast  and 
in  this  14- bottle  cast  is  Nansen  bottle  number 
14. 

3.  The  winch  operator  lowers  the  cast  until 
the  meter  reads  the  same  as  the  next  figure  on 
his  wirich  card.  In  this  case,  this  is  550M.  The 
winch  operator  stops  the  winqji,  and  the  second 
bottle,  bottle  number  13,  is  hung.  The  meter  wheel 
reading  of  55QM  was  determined  simply  by  sub- 
tracting the  wire  length  of  1105M  for  bottle  13 
from'  the  maximum  wire  length  of  1655M.  This 
process  continues. 


4.    The  last  bottle  (number  1J  is  hung  with 
the  cable  meter  reading  1655.  This  is  the  "sur- 
face" bottle.  The  cast  must  now  be.  lowered  until 
this  bottle  is  just  below  the  waters  surface 
and  does  not  break  the  surface  on  the  heaviest 
roll  of  the  ship  away  from  the  cast.  The  cast  is 
now  set  at  the  proper  depth.  Do  not-be  confused 
by  the  fact  that  the  meter  whefcl  counter  may 
read  anywhere  from  4-10  meters  greater  than 
the  meter  wheel  reading  when  the  surface  bottle 
was  put^n  the  cable.  It  should.  Remember  that 
the  meter  wheel  counter  was  ^eroed  when  the 
bottom  bottle  was  at  the  platform,  not  at  the 
water's  surface.  The  platform  is  the  reference 
for  all  bottles.  Therefore,  the  whole  cast  must 
be  moved  the  distance  from  the  platform  to  the 
water's  surface,  after  the  surface  bottle  is 
attached 

The  "wire-in"  reading  is  equally  as  impor- 
tant as  the  "wire-out"  reading*  Occasionally  a 
w4nch  operator  will  read  the  counter  wrong  when 
^topping  the  winch  for  a  bottie  placement;'  by 
checking  each  wire- in  reading,  a  misplaced  bottle 
can  be  paught  and  the  new  wire  length  corrected , 
accordingly.  On  many  deep  castsjthtfre  will  be 
a  slippage  of  the  wire  during  payout  resulting  in 
different  (usually  lesser)  readings  during  inhaul; 
in  this  case  the  wire- in  readings  are  usually  more 
accurate  and  wire  lengths  should  be  corrected 


accordingly.  If  any  wire- in  reading  differs  by 
.three  meters  or  more  from  the  wire-out  reading, 
the  winch  operator  should  note  this  on  his  winch 
card  and  have  the  reading  verified  by  theoceaijo- 
graphic  supervisor  before  proceeding  to  the  nekt 
bottle.  .  *  ' 

\  The  supervisor  should  correct  wire  lengths, 
as  necessary,  prior  to  data  .transmission.  Any 
variance  of  more  than,  t^o  meters  between  wire 
out  and  wire  in  requires  an  on-the-spot  correction 
to  wire  length. 

*  i 

See  figure  44,  a  completed  Oceanographic 
Deck  Log,  for  examples  of  corrected  wire  lengths* 
(the  reverse  side  of  this  Oqpanographic  Deck 
Log  appears  later  in  this  section  as  figure  46). 
In  the  shallow  cast,  bottle  11  was  apparently  put 
on  at  1005  rather  than  995  meters,  and  bottle  6 
was  apparently  put  on  at  1480  rather  than  1490 
meters,  the  Supervisor  corrected  each  of  those 
two  wire  lengths  by  jingle-lining  through  the 
old  wire  length  and  writing  in  the  actual  wire 
lengfh.  Remember  that  the  wire-in  column  plus 
the  wire-length  column  must  total  the  greatest 
wire-length,  which  in  this  case  is  1655M.  Note 
that  no  change  was  made  to  wire  length  275M 
since  the  wire* out  and  the  wire  in  were  within  two 
meters.  Similarly,  the.  deep  cast  wire  lengths 
are  corrected  as  above. 


DEEP  CASTS 

Deep  Nansen  casts  to  near  bottom  are 
normally  required  once  during  an  Ocean  Station 
patr^and  on  most  of  the  Standard  Monitoring 
^^^Pectf^ST  The  deep  cast  is  essentially  no  different 
from  the  1500-meter  shallow  cast.  There  are, 
however,  some  tricky  points  whicH  should  be 
discussed.  » 

The  deep  cast  is  usually  the  second  cast  of 
a  two-cast  station,  the  first  (or  shallow)  cast 
having  up  to  "14-15  Nansen  bottles  spaced  Jrom 
the  surface  down  to  1500  meters  and  the  deep 
cast  having  Nansen  bottles  spaced  from  2000 
<$meters  on  down  to  150  and  50  meters  off  the 
bottom.  The  reason  for  splitting  a  station  into  two 
casts  is  to  avoid  exceeding  the  cable  capacity 
by  hangingtoo  many  Nansen  bottles  on  the  cable  and 
to  avoid  the  risk  of  losing  a  large  amount  of 
geajr  all  at  one  time. 

Ideally,  the  deep  cast  is  made  during  the 
middle  of  the  Ocean  Station  patrol  and  when  weather 
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.Figure  44.-  Oceanographic  Deck  Log'. 


and  sea  coitions  are  calmest.  In  actual  practice, 
it  is  best  to  take  advantage  of  the  best  day  you 

t  can  expect  during  yCuf  patroL  Of  course,  if  you 
wait  two  weeks  and  still,  have  not  found  your  day, 
you  will  want  to  settle  for  less  and-  less  ideal 
weather  as  the  patrol  nears  conclusion.  During 
Standard  Sections  you  will  have  to  accept  what- 

•  ever  Weather,  short  of  too  heavy  for  oceanographic 
operations,  that  you  incur.  Fair" weather  and  mild 
sea  conditions  are  essential  for  deep  casts,  be- 
cause these  conditions  greatly  reduce  the  risk  of 
losing  gear  and  greatly  enhance  the  quality  df  the 
data  obtained.  V 

Take  the  deep  cast  in  about  the  same  position 
and  within  two  and  one-half  hours  of  the  shallow 
cast.  The  procedure  for  taking  a  deep 'cast  is 
as  follows: 

1.  Obtain  an  accurate  fathometer  sounding, 

2.  Make  the  best  possible  estimate  of  the 
wire  angle. 

3.  Determine  the  wire  lengths  in  order 
to  place  the  Nansen  bottles  at  the  correct  depths 
and  at  correct  distances  off  the  bottom.  Remember 
the  important  restriction  that  AT  NO  TIME  IS  A 
GREATER  AMOUNT  OF  CABLE  PUT  OUTTHAN 
THE  DEPTH  OF  WATER.  • 

When  the  estimated  wire  angle  is  so  large 
that  the  wire  length  necessary  to  obtain  the 
maximum  desired  depth  exceeds  the  depth  to 
bottom,  make  up  a  set  of  restricted  depths  and 
a  revised  set  of  wire  lengths.  The  upper  bottles 
will  not  be  affected,  but  the  lower  ones  will.  Place 
the  bottom  bottle  at  the  end  of  the  cable  above  the 
weight  and  place  the  -next  higher  bottle  100  meters 
of  wire  length. above  it.  Place  the  third  bottle 
from  the  bottom  at. the  wire  length  to  reach  the 
desired  depth.  If  this  wire  length  exceeds  the 
water's  depth  or  the  revised  wire  length  of  the 
bottle  below  it  or  is  less  than  50  meters  above  * 
the  second  bottle  from  the  bottom,' eliminate  the 
third  bottle  from  the  bottom. 

For  an  example  of  a  deep  cast  having  a 
wire  length,  exceedingthe  depth  to  bottom,  see 
figure  45.  In  this  example,  a  deep  cast  of  six 
Nansen  bottles  is  planned  The  depth  to  bottom 
is  3750  meters.  Thus,  the  desired  depths  are 
2000,  2500,  3000,  3500,  3600  (1*0M  off  bottom), 
and  3700  (50M  off  bottom).  From  the  estimated 
wire  angle  of  25\  the  theoretical  wire  lengths 


are  shown*  Note  -that  the  maximum  wire  length 
exceeds  the  depth  tobottom.  The  wire  lengths 
for  all  three  bottom  bottles  are  greater  than  the 
depth  to  bottom. 

Since  the  maximum  amount  of  wire  .length 
that  can  be  put  out  is  3750M,  the  restricted  depths 
-   and  the  revised  .wire  lengths  must  be  determined. 
-  In  this  situation,  the  top  three  bottles— 9,  10»and 
11-are  given  the  same  desired  depths  as  they 
were  given  in  the  original  set  of  figures.  The 
bottom  bottle,  numbeh  14,  is  placed  at  the  end 
of  the  cable  at  a  maximum  wire  length  of  3750M, 
which,  for  a  25*  wire  angle,  is  a  "restricted" 
dept*h  of  3400M.  Bottle  13  is  placed  100  meters  of 
wire"  length  above  14, 'or  3650M,  which  is  equival- 
ent to  a  "restricted"  depth  of  3310M.  Since  the 
wire  length  of  bottle  12  (3&60M)  exceeds  the - 
revised  wire  length  of  bottle.  13  (3650M),  bottle 
12  is  eliminated  from  the  cast,  and  the  cast 
becomes  a  five-bottle  cast  with  a  maximum  wire 
length  of  3750'nieters. 

In  actual  practice,  wire  angles  for  deep  casts 
will  generally  be  15*  or  less,  and  it  will  not  be 
.  necessary  to  restrict  depths  and  revise  wire 
lengths.  \ 

4.  If  you  must  eliminate  a  battle  for  any 
reason,  preferably  eliminate  a  bottle  without 
a  pressure  thermometer.  There  should  always  be 
a  pressure  thermometer  at  the  top  and  at  the 
bottom  of  every  deep  cast. 

5,  The  meter  wheel  reading  of  the  last 
bottle  put  on  the  deep  cast  (number  9  at  1545M 
in  the  example)  is  not  equal  to  the  maximum  wire 
length  of  the  cast  (3750M)as  is  true  of  the  shallow 
cast,  which  always  has  a  surface  bottle.  Note  in 
figure  45  that  the  final  meter  wheel  reading  when 
the  cast  is  down  is  3757M  and  not  3750M,  the 
maximum  wire  length.  This  difference  is  to  allow 
for  the  distance  from  the  platform  where  bottles 
are  hung,  tathe  water's  surface. 

6,  Make  .up'  the  winch  card.  (Note  in  figure 
45  that  the  winch  card  readings  are  the  reverse 
orcjer  of  the  meter  wheel  readings.  The  reason 
for  this  reversal  is  that  the 'bottles  are  placed 
fronj  the  bottom  to  the  top,  i.e.  from  bottle  U  to 
bottle  9.) 

7.  Obtain  the  position  from  the  bridge.  Use 
the  average  of  this  position  and  the  position 
during  the  shallow  cast  for  the  station  position. 
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1.  The  bottom  two  bottles areSO and  150'meters, 
respectively,  off  the  bottom. 

2.  Bottle  12  is  eliminated  because  its  wire 
length  exceeds  the  depth  to  bottom.  It  would  also 
have  been  eliminated  had  its  wire  length  been 
greater  than  the  revised  wire  length  of  bottle  13 
or  within  50  meters  of  bottle  13. 

3.  The  bottom  two.  Ixrttles  are  never  eliminated 
from  the  cast.  If  the  depths  are  restricted  and  it 
is  .necessary  to  revise  the  wire  lengths,  the 
bottom  bottle  is  placed  at  the  end  of  the  wire  and 
the  next  bottle  is  placed  100  meters  above  it  In 
this  example,  bottle  14,  the  bottom  bottle,  is  at 
3750  meters,,  and  bottle  13  is  at  3650  meters. 

4.  The  restricted  depths  for  bottles  13  and,14are 
determined  from  their  revised  wire  lengths. 

5.  .The  cast  is  taken  down  to  3757  meters  (the 
maximum  revised  wire  length  plus  7  meters  of 
wire  length,  which  is  the  distance  from  the 
platform  to  the  water  level). 


Figure  45.-  Deep  Cast. 
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If  these  positions  differ  by  more  than  six  miles, 
treat  the  casts  as  separate  stations. 

8,  Include  deep  cast  data  and  shallow  cast 
data  as  one  station  in  the  message  to  the  Coast 
Guard  Oceanographic  Unit,  Include  the  deep  cast 
messenger  time  and  wire  angle  as  is  explained 
later  in  this  section  in  figure  48. 

9*  Adjust  for  winch  slippage  of  more  than 
two  meters  just  as  you  do  for  a  shallow  Nansen 
cast. 

10.  Follow  all  other  procedures  of  a  shallow"* 
Nansen  cast  routine. 


OCEANOGRAPHIC  RECORDS  AND 
OCEANOGRAPHIC  CODE  FORMATS 

Nansen  data  collected  are  recorded  for  deliv- 
ery to  the  Coast  Guard  Oceanographic  Unit  in  real 
time  and  also  for  pickup  by  the  Coast  Guard 
Oceanographic  Unit  or  the  Commander,'  Western 
Area,  during  debriefing.  Thefollowingparagraphs 
describe  the  forms  and  code  formats  required 
for  recording  the  Nansen  cast  data  and  explain 
the  proper  disposition  of  these  forms. 

OCEANOGRAPHIC  LOGBOOK 

The  oceanographic  logbook  is  an  8  x  10  1/2 
bound*  book  that  contains  all  of  the  collected 
*  information,  such  as  the  station  narrative,  ocean- 
ographic deck  log  sheets,  and  the  weather  data. 
It  is  delivered  to  the  Coast  Guard  Oceanographic 
Unit  during  debriefing  and  then  is  returned  to  the 
ship  about  three  months  later. 

OCEANOGRAPHIC  DECK  LOG 
FORM  CG-4502 

An  Oceanographic  Deck  Log  (figure  44)  is 
an  original  record  of  Nansen  temperature  and 
depth  data-  Weather  data  are  recorded  on  the  * 
back  of  this  form  (figure  46).  After  a  log  eh£et 
is  completed,  it  should  be  stapled  or  clipped 
to  a  left-hand  page  of  the  oceanographic  logbooks 

WINCH  CARDS 

Winch  cards  for  shallow  Nansen  casts  are  * 
made  up-  from  tables  found  in  CG-410.  Four 
sets  should  be  made  up,  preferably,  laminated, 
prior  to  each  project  These  should  be  made  for 


wire  angles  of  0  degrees,  5-15  degrees,  20-30 
degreed,  and  35-45  degrees.  These  cards  are 
permanent  and  are  retained  aboard  the  ship. 

A  permanent  set  of  winch  cards  for  deep 
casts  is  not  necessary  due  to  the  infrequency 
of  deep  casts  and  the  complications  involved 
Winch  cards  made  for  deep  casts  should  be  for- 
warded to  the"  Coast  Guard  Oceanographic  Unit 
with  the  original  data  for  the  particular  station. 

NANSEN  TEMPERATURE 
MESSAGE  FORMAT 

For  real  time  priority  transmission  of  infor- 
mation recorded  on  the  Oceanographic  Deck  Log 
to  the  Coast  Guard  Oceanographic  Unit,  use  the 
Nansen  temperature  message  format  shown  in  fig- 
ure 47  as  a, guide  for  encoding  the  data.  The  form 
on  which  this  format  is  used  is  for  the  use  of  radio 
personnel  on  the  ship  and  is  not  submitted  to  the 
Coast  Guard  Oceanographic  Unit  during  der 
-  briefing.  Refer  to  figure  48  for  specific  in- 
structions about^the  format  and  for  an  explanation 
of  the  symbolic  form  for  the  message  format. 

NANSEN  CONDUCTIVITY  MESSAGE 

This  coded  message  is  used  to  transmit 
salinometer  conductivity  readings  to  the  Coast 
Guard  Oceanographic  Unit.  It  is  normally  trans- 
mitted every  three  to  five  days.  See  figure  49 
for  the  symbolic  form  and  format  of  the  code 
and  for  a  sample  conductivity  message. 

* 

OXYGEN  MESSAGE 

At  times,  dissolved  oxygen  content  is  com- 
puted, from  a  Nansen  cast.  This,  pamphlet  does 
not  consider  how  to  encode  these  computations  in 
an  oxygen  message;  however,  we  do  show  the 
oxygen  message  format  and  its  symbolic  form  and 
explain  the  code  in  figure  50.  For  complete  data 
and  details  for  encoding  the  message,  consult 
CG-410. 


NOTE:  Since  oceanography  code 
forms  are  subject  to  almost  constant 
change,  the  codes  given  in  this  pamphlet 
may  or  may  not  be  up  to  date.  To 
ascertain  whether,  the  code  form  given 
is  in  present  use4  consult  CG-410. 
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NOTEl    Wtathtr  observation*  should  Ui 
Handbook  No.  1,  Surf*e«  C*- 

••tVAtiOM. 


PROJECT 
SHIP  _ 


LATITUDE  53.°  4fe  A/ 
t/iwr.i'nmr  "35*  a.L>'lO 
rare       (2     AW  l<HO 


MSGR.  TIME 


ASSIGNED  STATION  NO.   992  

nnmr    ' /9M       w  PUIS 


SEA 


SWELL 


DIR_ 
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.FT. 


pn    3  sty 
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KIND  SPEED  ,( 

BAR.  PRESS   

DRY  BULB,   _ 

WET  BULB   


mi  31Q 
W     3  FT 


3/0 


.IN.. 
.F  _ 
.F  _ 


.KTS 
JOS 


3.3 


presewVa.  &B±jy  CZ^uoy 

CLOUD  TYPE)  CoMu/uS 

CLOUD  AKT.   ,  

VISIBILITY  %   


SPECIAL  OBS.  Stttki  -  fli*4-/?«  (/* 


Figure  46.— Reverse  side  of  Ocesnographic  Deck  Log. 
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fM  CGC  OWASCO 

TO  CuMW  OCbANO 
BT 

UNCUS 
A.  .OCEANQ 


r  0  3534 

8.  .  REMARKS . 


5KwJ!Wra^  ™  «T  ON  SAME  im 

GROUPS  ON  IHE  LINE.    I E  WRE<TOAN  ONE  CAST    iiicr  m«1»^»  i»   M  10  ,NSTW£>  OF  7 

FOLLOWED  »Y  CCgW.W,  AND  UDDDD.  '      "T  SMW*  OF  SECOND  CAST  WILL  IK  55555,  ~ 


Drafted  by 


tol«M«tf  by 


Figure  47. -Sample  Nansen  Temperature  Message. 
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EXPLANATION  OK  SYMBOLIC  CODE  MESSAGE  FORMAT 


q  •  Quadrant  ^ 
LaLaLaLa     -  Latitudt  in  degrees  and  minutes*.. 

LoLoLqLqLo  -  Longitude  in  degrets  and  minutes.  (PHC7IX  "0H  in  Loagltmme  degree* 

column  when  less  than  100*) 
VY  -  Day  of  month 

CG  •  Messenger  time  in  hours  GMT*  " 

§  •  Tenths  of  hours* 

JJJ  •  Station  number  (Consecutive). 

WaWa  "  Wirt  *n*l€  in  wnoit  degrees. 

D0D0D  ■  Depth  to  bottom  in  whole  meters* 

C.W  C  C    -  Check  Sum  (Ci  -  Sum  of  digits  in  the  first  group  on  line;  Cj  • 

Sum  of  second  group,  etc.) 
BnBnBnBnBn  "  N*nBtn  Bottle  location  (wire  length)* 

"  Le^t  tn«ra°«ter  number. 

I  ■  Indicator  number  for  plus  or  minus  temperature*    Use  7  for  +  and  I  for 
*WMM  •  Main  thermometer.    Heading  to  nearest  hundredth  degree  Celsius* 
t  "  Auxiliary  indicator,  zero  v  11 

AAA  ■  Auxiliary  temperature  to  nearest  tenth  degree  Celsius. 

T  T  T  T  T   "  Right  thermometer  number. 

r  r  t;  r  r 

T  T  fT  T   -  Centerr  thermometer  number  f  usually  an  unprotected  thermometer* 

C  C  v  v  C 

53555  •  First  group  of  second  cast  (usee  only  if  more  them  one  cast)* 
9  •  IndicetePlmalfunction  group 


r 


Figure  48. -Symbolic  Form  of  Nansen  Temperature  Message. 
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FM  CGC  GALLATIN  

TO  COGARD  OCEANO 

BT  / 

UNCLAS 

CONDUCTIVITY  (, 

A.  KKKKK  RRRRJ    J  J  J  J  J  J 

a    a  a  b  b  b  p 

PWTTT  CC.CCC  NNTTT  CCCCC  NNTTT  CCCCC  NNTTT  CCCCC  NNTTT  CCCCC 
PWTTT  CCCCC*  NNTTT  CCCCC  NNTTT  (Ten  groups  per  line) 

B.  KKKKK  RRRRJ    J  J  J  J  J 

^  aaabbb 

As  above 

C.  REMARKS  ■  * 
BT 

Notes:    1.    Originate  new  paragraph  B,  C,  etc.  only  when  using  new  salinometer  or  when 
new  standarizationvilue  is  obtained 

2.  Samples  must  be  collected  in  consecutively  numbered  bottles  and  run  in  that 
"same  order.  If  there  is  a  discontinuity  in  your  sample  numbering,  verify  this  in 
the  remarks  section  of  the  message  (e.g.  SAMPLE  NUMBER  17 -BOTTLE 
BROKEN). 

3.  Explanation  of  Code:  • 

KKKKK        Salinometer  number. 

RRRR  Average  standardization  value. 

J»JoJo         Station  number  for  first  station  run, 

**  a  a  *    *  . 

*Wb         Station  number  for  last  station  run. 

P  •  Standard  water  indicator. 

W  lLast  digit  of  standard  water  batch  number. 

TTT  /Standard  water  or  sample  temperature  to  nearest  O.TC. 

NN  }  Sample  bottle  number.  ^ 

CCCCC  Average  conductivity  value  (If  >  1.0000$  drop  the  units  digit). 

CONDUCTIVITY  ... 
A.    04601  49010  01005  ~* 

P0230  00005  01227  99917  02225  9P934  0322O..99834  04223  99602 

P0231  00010  05?25  00402  06218  00076  07220  99993  08224  99008  . 

09238  98644  SAMPLES  (10-31)  DATA  NOT  SHOWN  32239  97986  33240  97641 

P0232  00020  SAMPLES  (34-50)  DATA  NOT  SHOWN  51240  02492  52239  02528 

P0231  0.0013  53225  00402  54218  00074  55227  99994  56224  99908 

57238  98644  SAMPLES  (58-68)  DATA  NOT  SHOWN  69239  97987  70240  97641 

P0232  00015 

Figure  ^.-Conductivity  message  format  and  symbolic  form,  notes,  and  sample  conductivity 

message. 
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FM  CGC  DUAN6 

TO  CCGARD  OCEANO 

BJ 

UNCIAS 
OXYGEN 

A.  JJJYY  RRNMM 

B^B^S*   00OXY    BnBnBnBnBn    00OXY,  etc. 

B.  JJJYY*  RRMNW 

BnBnBnBnBn    00OXY    BnBnBn3n3n    00OXY,  etc, 

(Continue  as  -above  for  as  many  stations  as  are  included  in  message) 

C.  REMARKS  (as  Required)  v  ' 
BT 


EXPLANATION  OF  CODE 


JJJ 
YY 
RR 
f.WM 


BnBr.Bn^nBn 
00 

OXY 


Station  number  '(consecutive).  * 

Oay  of  month  station  taken. 

Reagent  blank  to  nearest  hundredth. 

Average  milliliters  of  sodium  thiosulfate  used  in 

standardization    (to  0.01  ml/1). 

Hansen  bottle  location  (wire  length). 

Thiosulfate  indicator. 

Average  ml  I  MM  iters  of  sodium  thiosulfate  to  0.01  ml/I 
used  to  titrate  sample  at  this  wire  length. 


Figure  50,—  Oxygen  Message^ 
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STD  CASTS 


The  Navy's  Anti-submarine  Warfare  Envi- 
ronmental Prediction  Services  (ASWEPS)  is  de- 
signed to  furnish  Fleet  ASW  forces  with  ocean- 
,  ographic  information  which  will  permit  the  op- 
timum use  Qi  these  forces.  The  development  of 
an  effective  ASWEPS  depends  on  the  collection 
of  considerable  oceanographic  data  by  all  means 
available  over  large  areas  of  the  oceans  for  long 
periods.  F  >r  forecasting  purposes  the  data  must 
be  collected  synoptically  arid  must  be  processed 
in  real  time  so  that  forecasts  may  be  generated 
and  -distribution  made  to  users  in  time  to  be  of 
operational  value.  To  ensure  collection  and  pro- 
cessing of  this  data,  tne  U.S.  Naval  Oceanographic 

.a    Office  and  the  U.S.  Coast  Guard  have  signed  a 
Salinity -Temperature -Depth  (STD)  Measuring 
.System  Project  Agreement. 

•  *i  #  * 

According  to  t}ie  current  agreement,  OSV's 
are  to  provide  synoptic  oceanographic  observations 
by  usfrig^tBe  STD  on  approximately  75%  of  the 
,.,Ocean  Statidn  Patrols.  STD  casts  are  to  be  made 
in. accordance  with>the  current  USNAVOCEANO- 
^MSCG  agreement,  ^hich  presently  prescribes  a 
w  minimu$,t  of  two  per  day,  plus  such  frequency  of 
observations  as  support  the  USCG's  own  oceano-  - 
graphic  objectives.  ^arisen  casts  will'  l#  used  on 
V  ine  remainder  of  patrols  and  as  a  backup  to 
'    ^theSTD.  '  r 

**  v% 
JO      Tn*f£oast  GuarS  has  also  agreed  to  provide 

>ynoptic*9ceanograp.hic  observations  during  travel 
to  and  fitorh  station v^hen  the  STD  system  is  aboard 
\,  and  on  ;a  not-to-interfere-with-other-missions 
basis,  ^nroute  to.  an{J  from  an  Ocean  Station, 
casts  are  tnftde  eitheralong  Standard  Monitoring 
Sections  or' every  twelve  hours  along  normal 
tracks.  A  :BT  observation  is  not  taken  when  an 
STD  cast  is  taken;  however,  if  the  STD  system 
fatfs^a  BT  must  betaken  af  This  time.  A  Nansen 
cast  is -taken' once  daily  on  an  Ocean  Station; 
Nartsen  casts  will  replace  STD  casts  if  the  STD 
system  fail.?. 

In  addition  to  providing4  real-time  data  to 
ASWEPS,  the  STD  data,  will  also  be  used  along 


10$ 


with  Nansen  data  for  continuing  the  Coast  Guard's 
Time  Series  .Projects  on  each  of  the  Ocean 
Stations. and  tfie  Standard  Monitoring  Sections. 

STD  CAST  ROUTINE 
PHE-CAST 

The  followingprocedures  should  be  performed 
during  the  pre-cast  phase  of  an  STD  cast  routine: 

1:  Make  a  check  of  the  frequencies,  using 
test  equipment  and  procedures  supplied  by  the 
Coast  Guard  Oceanographic  Unit. 

2.  The  vessel  should  be  hove  to  with  the 
wind  on  the  STD  system's  side  before  the  cast 
is  commenced.  During  the  time  the  STD  sensors 
are  at  the  surface  and  when  the  surface  Nansen 
bottle  -is  soaking,  the  sanitary  system  and  other 
controllable  overboard  discharges  should  be  min- 
imized Wire  angles  are  essentially  unimportant 
for  STD  operations.  Criteria  for  not  making  a 
cast  should  be  based  on  the  possibility  of  dama- 
ging the  sensor  during  immersion  or  recovery. 

3.  Man  communications  between  the  bridge, 
the. winch,  the  recorder,  and  deck  supervisor. 

4.  A  party  of  at  least  five  will  be  re- 
quired: 

'  a.    Deck  supervisor  (safety  officer) 

b.  Winch  operator 

c.  Recorder  operator 

d.  Deck  handlers  (2) 

All  stations  will  be  manned  at  the  start  of  the  cast 
and  will  remain  manned  until  the  fish  is  safely 
aboard  and  stowed. 

•5.  When  ready  for  the  cast,  the  recorder 
operator  requests  that  the  deck  supervisor  let  out 
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the  dampening  device*  place  the  fish  over  the 
side,  and  attach  the  bottom  QC  Nansen  bottle 
with  quail  thermometer  frame  as  close  to  the 
fish  as  practical,  leaving  enough  space  so  the 
bottle  wiil  not  hit  the  fish  when  the  bottle  re- 
verses. After  the  bottle  is  attached,  have  the 
supervisor  lower  the  fish  one  or  two  meters 
under  the  surface,  i.e.,  deep  enough  so  that  the 
Nansen  QC  bottle  will  not  come  out  of  the  water 
on  a  roll.  Take  care  to  prevent  the  fish  from 
striking  the  side  of  the  vessel.^  Attach  the  surface 
QC  Nansen  bottle  containing  three  protected  ther- 
mometers. Then  lower  the  surface  QC  Nansen 
bottle  to  just  under  the  sea  surface  to  ohtain 
the  surface  QC  sample.  Overljoard  discharges 
should  be  minimal  at  this  time.  Allow  an  eight- 
minute  soaking  period  During  this  time,  energize 
the  fish. 

6.  Prior  to  turningon  the  equipment,  ensure 
that  the  chart  table  latch  is  lowered  to  disengage 
the  chart  from  the  pens  and  to  prevent  the  pens 
from  making  erratje"traces  while  the  servos  are 
returning  \6^tffSv%  alsa  ensure  that  the  chart 
drive  clutch  release  knob  is  disengaged.  The 
above  two  items  shovfld  have  been  disengaged 
at  the  time  the  fish  was  stopped  just  under  the 
surface  on  the  in^Jgiul  portion  of  the  previous 

T  % 

a.  Turn  otvibe  regulated  power  supply 
located,  at  the  extreme  bottom  of  the  cabinet. 
This  may  be  left  on  for  the  entire  cruise. 

b.  Press  the  system  line  power  switch. 

c.  Press  the  test/operate  switch;  each 
time  this  switch  is  pressed  it  will  alternately 
light  to  operate  and  then  to  test.  Press  it  for 
operate. 

dL  Turn  the  recorder  line  power  toggle 
switch  to  ON. 

7.  Now  the  recorder  operator  adjusts  the 
range  selection  switches  so  that  the  pens  are 
not  at  either  end  of  the  chart  paper  or  are  not 
being  overdriven.  The  salinity  and  temperature 
range  selection  switches  are  the  only  ones 
requiring  adjustment  since  the  depth  switch  re- . 
mains  on  position  2  for  1500  meters  or  position 
3  for  3000  meters.  Make  sure  each  small  light 
above  each  range  switch  is  lit;  if  not,  you  have 
problems.  Since  most  operators  will  be  aware 
of  normal  salinity  and  temperature,  depending  on 


the  station  being  occupied  at  the  time,  the  op- 
erator can  set  these  dials  to  their  proper  position 
both  when  the  fish  is  on  deck  and  especially 
when  first  submerged*  At  this  time,  incorporate 
ail  available  information  on  the  chart  in  the  spaces 
-  provided  *' 


8.  After  eight  minutes,  trip  the  surface 
QC  Nansen  Jxrttle  and  bring  it  aboard  Raise  the 
STD  fish  so  that  it  is  at  the  level  where  the  sur- 
face QC  Nansen  bottle  was  tripped.  Rotate  the 
manual  chart  drive  by  hand  to  set  the  pens  at 
aero  depth.  The  most  forward  pen  Is  tlu*  salinity 
pen  and  is  always  set  on  zero;  the  temperature 
pen  is  exactly  one  paper  division  above  the  sal- 
inity pen.  While  rotating  the  manual  chart  drive, 
"slowly  raise  the  chart  latch  up  to  engage  the 
pens  with  the  chart  paper.  Contact  should  be 
made  with  the  paper  so  that  the  pens  are  very 
slightly  below  zero.  The  paper  is  then  rotated 
exactly  to  zero*  Every  possible  attempt  must  be 
made  to  prevent  the  pens  from  making  extraneous 
marks  on  the  paper. 

DURING  THE  CAST 

1.  Now  the  recorder  operator  engages  the 
chart  drive  release  knob  and  informs  the  deck 
supervisor  that  he  is  ready  to  have  the  fish 
lowered.  Until  such  time  as  the  cast  team  is 
familiar  with  the  operation,  hold  the  speed  of  the 
fish  to  about  20  meters  per  rpinute.  Winch  speed 
shall  be  controlled  by  the  recorder  operator.  The 
sensor  must  be  lowered  through  the  thermocline 
slowly  enough  for  the  temperature  sensor  to 
react  to  the  rapid  temperature  changes.  Operate 
the  winch  at  50  meters/minute  or  less  until 
through  the  thermocline.  A  speed  of  80  meters/ 
minute  is  recommended  from  the  bottom  of  the 

^  thermocline  to  cast  depth.  Under  no  circumstan- 
ces should  the  speed  exceed  80  meters/minute. 
Sensor  vertical  speed  and  changes  will  be  recor- 
ded on  the  chart. 

2.  The  temperature  and  salinity  scales  must 
be  indicated  by  an  encircled  range  number  on  the 
chart  paper  near  the  trace  start  and  at  each  scale 
change  to  show  the  new  scale.  Do  not  mark 
directly  on  a  temperature  or  salinity  trace. 
Remember  that 'the  temperature  trace  is  offset 
from  the  depth  scale  (10M  on  1500M  scale). 
The  trace  is  at  0  depth  when  located  at  10M 
on  the  chart  and  at  1500  M  when  it  is  located  at 
1510M  on  the  chart.  ' 
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3.  The  supervisor  shall  act  as  a  safety 
watch  and  may  call  for  the  winch  tp$e  stopped  for 
any  unusual  circumstance. 

4.  If  the  cast  will  go  deeper  than  2000 
meters,  attach  the  1500-meter  QC  Nansen  bottle 
when  the  depth  of  the  STD,  as  per  the  STD 
recorder,  reads  "maximum  depth  of  cast  minus 
1500  meters."  For  example,  for  a  2100-meter 
cast,  attach  the  QC  bottle  when  the  fish  is  at 
600  meters  (2100  -  1500  =  600  meters). 

*  5.  As  the  full  depth  is  approached,  the 
,  deck  supervisor  will  be  alerted  by  the  recorder 
operator  to  slow  down  and  stop  tiie  winch  when 
the  fish  reaches  maximum  depthj  If  the  cast  is 
1500  meters  or  deeper,  drop  the  messenger  at 
this  time.  If  the  cast  is  shallower,  wait  the 
appropriate  soaking  time  before  dropping  the  mes- 
senger. As  soon  as 'the  winch  is  stopped,  record 
the  frequency  for  the  depth  at  the  bottom  of  the 
trace  and  record  the*  down  time.  The  recorder 
operator  then  monitors  depth  frequency  and  in- 
structs the  winch  operator  to  pay  wire  out  or 
haul  wire  in  to  maintain  a  frequency  within  four, 
cycles  of  the  frequency  recorded  above.  The  fish 
should  remain  at  a  nearly  constant  depth  for  the 
entire  messenger  travel  time. 

6.  To  estimate  trip  time,  use  150  meters/ 
minute  for  the  actual  amount  of  cable  out,  not 
the  depth  indicated  by  the  STD  recorder.  After 
the  bottom  bottle  is  tripped,  immediately  drop 
the  chart  paper  away  from  the  pens  and  release 
the  chart  clutch* 

7.  Roll  the  chart  manually  tothenextsheet; 
position  the  pens  on  the  appropriate  meter  marks, 
Le^750;  1500ror  3000-meter  marks;  engage  'the 

^rtfnart  switch  drive;  ensure  that  all  information 
/  is  on  the  chart;  and  mark-  any  changes  of  the 
range  switches.  The  recorder  operator  requests 
the  winch  operator  to  commence  uphaul.  The 
cast  will  be  retrieved  under  the  same  proce- 
dures as  fowering.  Record  start-up  time  and 
at-surface  time  on  the  chart.  The  recorder  oper- 
ator will  keep-the  wincftoperator  advised  of  the 
depth  to  aid  him  in  checking  his  wire  length 
counter.  ,  ■" 

8.  As  the  fish  approaches  the  surface,  the 
recorder  operator  should  caution  the  deck  super- 
visor to  be  on  the  lookout  and  stop  the  winch 
with  the  fish  1  or  2  meters  under  the  surface. 
When  the  winch  has  stopped,  disengage  the  chart 


clutch  and  the  .pens  from  the  paper  and  shut  off 
.  the  line  power  switch  on  the  recorder.  Next, 
press  the  system  line  power  switchr;  the  test/ 
operate  switch' light  should  go  out.  Then  the  recor- 
der operator  requests  the  deck  supervisor  to 
haul  in  and  remove  the  bottom  bottle  and  to  stow 
the  fish. 

DATA  RETRIEVAL 

% 

Retrieval  of  STD  data  involves  the  following 
procedures: 

1.  Carefully  remove  the  STD  analog  traces 
from  the  recorder.  There  are  two  traces  for 
each  station,  a  "down"  and  an  "up"  trace.  Ensure 
thai  you  have  filled  in  the  information  required 
on  the  lower  portion  of  the  STD  chart  paper  for 
each  trace.  Be  sure  to  indicate  l4up"  or  "down" 
next  to  the  station  number.(See  figure  51} 

2.  Read  the  temperature  and  salinity -trace 
from  the  "down"  trace  and  record  on  the  STD 
Summary  Sheet  (figure  52)  the  temperature  and 
salinity  values  for  tte  following  standard  deptns; 
0,  10,  20,  30,  50,  75,  100,  125,  150,  200,  250, 
300,  400,  500,  600,  700,  800,  9Q0,  1000,  1100, 
1200,  1300,  1400,  and  1500*.  For  3000M  stations, 
additional  depths  are  1750,  2000,  2500,  and  3000 
meters.  For  stations  having  depths  less  than 
i500  meters,  casts  will  be  taken  either  to  .bottom 
minus  25  meters  (B-25)  or  to  bottom  minus  50 
meters  (B-50)  as  specifically  directed;  standard 
depths  are  used  from  the  surface  down  to  the 
B-25  or  B-50  depth. 

In  order  to  read  the  trace,  use  the  plastic 
overlay  and  scales  provided  by  the  Coast  Guard 
Oceanographic  Unit.  Lay  the  "scales  along  the  depth 
lines  when  reading  the  values.  Read  the  tem- 
perature to  O.OrC;  read  the  salinity  to0.005#/oo. 

3.  Read  the  significant  temperature  orsal- 
inity  values  that  appear  on  the  "down"  trace 
between  standard  depths  and  record  these  values 
on  the  STD  Station  Summary  Sheet  (figure  52), 
A  significant  depth  is  defined  as  a  point  where 
temperature  and/or  salinity  traces  have  a  max- 
imum deviation  from  a  straight  edge  laid  between 
two  standard  depth  points  on  a  trace  (+  0.  rtf 
for  temperature  and  +  0.05*/oo  for  salinity). 

4.  Record  weather  data  and  Nansen  data  for 
each  station  on  the  STD  Weather  and  Quality 
Control  Data  Sheet. 
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Figure  52.—  Sample  STD  Station  Summary  Sheet. 
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5.  Maintain  an  oceanographic  logbook  in- 
cluding a  narrative  for  each  station  and  a  descrip- 
tion of  significant  occurrences.  No  data  are  re- 
quired to  be  recorded  in  the  logbook. 

STD  RECORDS,  REPORTS, 
AND  MESSAGE  CODES 

As  we  have  already  suggested,  the  STD 
analog  traces  represent  the  original  STD  tem- 
perature and  salinity  data  (see  figure  51).  These 
data  are  subsequently  recorded  on  the  STD  Station 
Summary  (figure  52) ,  During  debriefing,  these 
analog  traces  are  submitted  to  the  Coast  Quard 
Oceanographic  Unit. 

The  STD  Station  Summary,  which  is  a  record 
of  standard  and  significant  depths,  is  used  to 
make  up  the  real-time  STD  Data  Messages.  The 
Summary  itself  is  submitted  to  the  Coast  Guard 
Oceanographic  Unit  during  debriefing. 

The  STD  Data  Message  is  transmitted  after 
every  station  in  fhe  format  and  code  form  shown 
in  figure  53.  Study  this  figure  carefully. 

Weather  data,  Nansen  data,  and  other  data 
required  for  STD  stations  are  recorded  on  the 
STD  Weather  and  Quality  Control  ' Data  Sheet 
(figure  54).  The  sheet  is  used  to  prepare  the  Daily 
STD  Quality  Control  Data  Message  and  is  subse- 
quently submitted  as  part  of  the  STD  data  during 
debriefing.  The  Daily  STD  Quality  Control  Data 

1 


t  Message  is  sent  daily  after  the  last  station  of 
the  GMT  day  and  includes  data  for  all  stations 
taken  during  the  day.  Study  figure  55;  it  shows 
the  message's  format  and  explains  the  message's 
code  form. 

The  Conductivity  Message  is  filled  out  r.t  the 
completion  of  salinity  runs,  normally  within 
five  days,  and  is  transmitted  routine  precedence 
to  the  Coast  Guard  Oceanographic  Unit.  Included 
in  the  message  are  Nansen  conductivities  for  all 
stations  run.  See  frgure  49  for  the  format  for 
this  message. 

In  addition  to  these  STD  records  and  mes- 
sages, an  oceanographic  report  must  be  com- 
pleted. The  report  is  a  narrative  letter  report 
of  the  cruise;  it  describes  events,  problems,  and 
casualties  and  makes  recommendations  to  the 
Coast  Guard  Oceanographic  Unit  via  the  district 
and  area  commanders.  A  copy  of  the  report 
should  be  sent  to  District  (e),  and  an  advance 
copy  should  be  delivered'  to  the  Coast  Guard 
Oceanographic  Unit  during  debriefing. 

DEBRIEFING 

The  ship  is  debriefed  by  the  Coast  Guard 
Oceanographic  Unit  representative  after  return  to 
port.  At  this  time,. the  representative  picks  up 
the  thermometers,  the  STD  test  equipment  kit, 
the  spare  fish,  the  salinometers,  and  the  records 
described  above. 
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STD  DATA  MESSAGE  FORMAT 


SHIP'*  NAME  1 

FWC  NORVA 

NAVOCEANO 

CANMARCOM  HALIFAX  (North  of  30#N) 

METEOROIOPICAL  OFFICE,  BRACKNELL.  ENGLANO 

l&.ac'  2  ?    ASTERN  FLEET  WEATHER  CENTER 
JJNCLAS  FLENUMWEACEN 

T 

§ 


^,    If  End 

of  Message 
indicator 
19991  •  » 

•  ?  !?  "? d  *  thC  MST  to  record  data  ^"de^M  to  radio 

room  for  real-time  transmission.  Three  levels  data  per  line. 


Figure  53    (out  apart) 
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EXPLANATION  OF  CODE 


Item  Symbols 

T  I 

-  2  HISTO 


3  DOWY 

DO  - 

m 

Y 


4  YGG, 


GGi 


99 
Y 

;gg 


Explanation 

SHIP^  CALL  SIGN  -  Enter  the  four  letters  tRa t.comp rise 
the  ship's  International  Radio  Call  Sign.  Note  this.  Is 
the  only  4  character  group  In  entire  message, 

Identifies  electronically  observed  data*    Insert  same 
for  second  group  of  text. 


DAY  -  Enter  GMT  day  of  month 

MONTH  -  Enter  GMT  month  (Jan  0,1,  Feb  02,  etc.) 

YEAS  -  Enter  3rd  dlgl  t  of  year'  (ex.  1968-6) 


YEAR  -  Enter  last  digit  of  year  (ex.M968-8) 

TIME  -  Record  GMT  time  to  nearest  minute  at  which  obser- 

vat  I  on  was  begun. 


5     0L  L  L  L 
a  a  a  a 

9 


6  LaLaLaLa 

oooo 

7  Sjl^SjSj 


QUADRANT  -  Enter  quadrant  of  globe  where  station  taken. 

Northern  Hemisphere  use  7  for  western  longitudes  and  I  for 

eastern^ .TongWtfes'.    For  .Southern  Hemisphere  use  5  for 
,  western  -longl tudes-  and  3  ^or  eastern  longitudes, 

LAThTUOE—  Enter  station  position  to  nearest  minute, 

LONGITUDE  -  Enter  to  nearest  minute  (ex.  47'50'W  04750) 

U DEPTH  TO  80TT0M  -  Record  sonic  deQth  to  bottom  In  meters. 
Prtftx*¥HhA-wro5-^o  f J  M  field. 


8-  22Z2Z 
2 

1111 


9  3TTTT 

TTTT 

10  4SSSS 
4 

ssss 

X\  19991 


DEPTH  IDENTIFIER 

DEPTH  of  observation  to  nearest  meter.    Surface  depth 
(ZZZZ-OOOOm)  Is  preprinted.    Include  24  standard  depth 
plus  s  I gn  i*f  I  can t  depths *^  .  . 

TEMPERATURE  IDENTIFIER  -*\ 
TEF-PERATURE  -  Enter  to  nearest  0.01 9Q  ^ 

SALINITY  INDICATOR 

SALINITY  -  Enter  tojnearest  0.01 */•• 

.End; of  message  Indicator  IV  19991 . 


Figure  55    (out  apart) 


64 


a  ■ 


ERIC 


TO 
'NFO 


3T 

WCLAS 


030730Z  JUNE  68 


SAMPLE  STO  MESSAGE 


CGC  HAMILTON 
FV*C  NOPVA 
WVCCEANO 

CANMARCOM,  HALIFAX 

METEOROLOGICAL  OFFICE,  BRACKNELL,  ENGLAND 
C*NC  WESTERN  F'.EET  WEATHER  CENTER 
FLENOMwEACEN 


NEJL 

HI  STO 

05066 

"  30600 

05245 

03530 

03475 

2COOO  . 

3H52I 

43485 

20010 

31520 

43485 

20020  * 

31518 

43486 

20030 

*  3f5l6 

43486 

20050 

31510 

43487 

20065 

31502  ' 

43487 

2CC75 

31430 

43489 

' 20092 

31401 

43490 

20100 

31350 

43495 

.20125 

31303 

43497 

20150 

31211 

43510 

20183 

31176 

4350? 

20200 

31151 

43501 

-  20250 

31080 

43498 

20300* 

31023 

43492 

?0400 

30945 

4349C 

'   .  20500 

30895 

43*85 

-  20600 

30861 

43481 

207CC 

30822 

43477 

20800 

30801 

43470 

20900* 

30753 

43465 

21000 

30704 

43462 

21100  * 

306.58 

43458 

21200 

30610 

43455 

21300 

30575 

4345J- 

21400 

30515 

43448 

21500 

30468 

43445 

'19991 

ST  • 

• 

As  Typed 

from  STO  Message 

Format  by  radio  room  and  Transmitted  by  Teletype. 

Note:    Also  I  nc  I  upvalues  for  significant  depths. 


Figure  53,-  STD  Data  Message. 
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STD  WEATHER  AND  QUALITY  CONTROL  DATA  SHEET 


(etc 


CONSECUTIVE  STA.   

ASSIGNED  CTi* 


.  START  DOW 

.  CAST  OWN 

DEPTH  TO  mrmw  $4gfe  rt  START  IP 

DATE  Jo  Sert     mo  AT  SURFACE 


ofe^o  2 


SLPERV I SOR  £h±3_Su2±^ STD  SERIAL  NO.  3*3*- 


_Z    RECORDER  0P£s!3J>2S*tfREC0RDER-  SERIAL  NO.  a^.U 
 I  ■  1INCH  OPVft  gcapoM 


DEPTH 


NAN 
DOT 


DOT 
NO 


SAL  DOT  NO 


ship  I  cm 


NAN 
SAL. 


THERM 
NO 


MAIN 


AUX 


THERM 
NO 


RAIN 


AUX 


THERM 
NO 


SLAIN 


AfX 


IT 


aa.oo 


a/.-* 


aa.(#l 


a/A. 


aa.feo 


a/  a. 


14 


IB. 


31+ 


_a£o_ 


¥c3l 


a/.o 


ayn 


NOTES ; 

1.  ASSIGNED  STATION  MUKBER  IS  SAKE  AS  CONSECUTIVE  STATION 
NUMBER  .EXCEPT  ON  STANDARD  SECTION  STATIONS  OR  SPECIAL 
OBSERVATIONS  AT  AN  ASSIGNED  POSITION. 

2.  DEPTH  TO  BOTTOM  SHOULD  BE  EN  METERS. 

3.  "BOX  MO*  COLUMN  REFERS  TO  BOTTLES  USED  FOR  OTHER  PURPOSES 
SUCH  AS  OXYGEN  OBSERVATIONS. 

»  ♦ 

4.  WEATHER  INFO  SHOULD  BE  CLEARLY  DESCRIBED  AND  ENCODED 
EXCEPT  PRESENT  WEATHER,  CLOUD  TYPE,  AMOUNT,  AND  VISIBILITY 
SHOULD  BE  DESCRIBED  AND  NOT  ENCODED.    DO  NOT  USE  "UNCHANGED" 
OR  "SAME  AS  BEFORE"  FOR  ANY  DESCRIBED  WEATHER  INFO. 

5.  HANSEN  SALINITY  VALUES  TO  K  LEFT  BLANK* 

I    I   I    1    1    i     i    f    r  f 


FM  SHIP 

TO        COGAflO  OCEANO 

8T  ,  .- 

UNCUS 

STOQC 

A.   JJJGG       OOOOO     '^STOTT       STOSS        86666       STDTT  STOSS 

,  WlTlTl  0,AAA  WrVr         0,AM  VcVcTc  imH  0,/VW 

B6BB8  TjT|T|TjT|  l»*M  OIAAA  TpTrTrTfTr  01  AAA  VVW,  ,WH*  0,AM 

6.  As  abova  " 

C.  As  abova 

0.  At  above 

E.  REMARKS  (as  raqulrad) 

ST  >  . 


EXPLANATION  OF  OOOE  . 


JJJ 
G6 

OOOOO 

JQQOQ 

STOTT 

STOSS 
TlTlTlTlTl 


0 

AAA 

WrVr 
VcVcTc 
p  p  p  p  p 


Station  numbar  (consacut Iva). 
Ntartst  GMT  hour  of.  station.  • 
Surface  vafua. 

Trip  dapth  of  Nansan  bottla  Immadlataly  abova  STD  ftsh. 
Tamparatura*  of  STD  to  naarast  0.0l#C  (ax.  14.71  •  01471), 

For  nagatlva  tamparaturas-  add.  50*  to  tba  a  b  so  lata  ralfta. 
Salinity  of  STD  to  naarast  0.005V##. 
Laft  tharmomot'ar  numb ar.   Usa  zaro  praf Ix  whan  nocassary. 

Indicator  numbar  to  Indlcata  plus  or  minus  tanporaturt* 

Usa  7  for      $  for  -«  ✓ 
Main  tharmomatar  raadlng  to  naarast  0.0l*C. 
Auxiliary  tharmomatar  Indicator, 
Auxiliary  tamparatura  to  nearast  0«l#C« 
Right  tharmomatar  numbar.* 

Cantor  tharmomatar  aurfaca  bottla. 
Prassura  tharmomatar  'numbar. 


Not as * 


Thl>  masstgo  sont  dally  mUt  tha  last  station  of  tho  (SWT  day 
and  should  Includo  data  for  all  stations  tafcan  during  that  day. 

Usa  additional  lino  for  saoot*  prassuro  tnonwaatar  ff  qaad 
framo  attached. 


Figure  55.-  Daily  STD  Quality  Control  Data' Message. 
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OBSERVATIONS  OF  WATER  TRANSPARENCY  AND  COLOR 


DETERMINING  WAf  ER  TRANSPARENCY 
^  WITH.THE  SECCHI  DISC 

The  Secchi  disc  "provides  an  approximate 
"average  index  of^  transparency  of  sea  water  and 
is  dependent  upon  the  available  illumination  which 
varies  with  the  time  of  day,  cloud  formation, 
and  amount  of  cloud  cover. 

The  Secchi  disc  (figure  56)  is  a  white  circular 
plate,,  tavfng  a  standard  diameter  of  30  centi- 
meters. A  ring  attached  at  the  center  of  the  disc 
allows  a  graduated  '.ine  to  be  secured,  A  5-  to 
7  1/2-pound  weight  is  attached  to  the  disc  so  it 
will  sink  rapidly  and  vertically.  The  line  attached 
to  the  disc  should  be  marked  off  in  1-meter 
intervals  to-  at  least  50  meters.  A  line  with 
minimal  stretching  characteristics  should  be 
used.  It  is  recommended  that  the  bitter  end  of 
the  disc  line  be  secured  on  deckpriorto  lowering 
the  disc  over  the  side  to  preclude  loss  of  the 
equipment. 


To  obtain  Secchi  disc  readings,  lower  the  disc, 
white  stfte^up,  into  the  water  trom  the  shaded 
side  of  the  vessel  until  the  disc  is  just  percepti- 
ble. Record  the  distance  from  the  sea  surface 
to  that  depth  in  meters.  Then  continue  the  lowering 
for  approximately  5  more  meters.  Next  slowly 
raise  the  disc  until  it-  is  fcgain  barely  visible. 
Record  the  distance  from  the  sea  surface  to  that 
depth.  The  average  of  the  UP  and  DOWN  readings 
is  the  desires*  value. 


Vessels  taking  Secchi  disc  readings  should 
recprd  UP,  DOWN,,  ancf  average  values  on  either 
the  back  of  the  Oceanographic  Deck  Log  (figure 
46)  or  the  STD  Weather  and  Quality  Control  Data 
Sheet  (figure  54),  both  of  which  contain  the  desired 
associated  meteorological  data.  Secchi  disc  read- 
ings should  be  taken  approximately  twice  weekly, 
usually  concurrent  with  a  daytime  STD  or  Nansen 
cast. 
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Figure  56.-  The  Secchi  disc. 


DETERMINING  WATER  COLOR  WITH  THE 
FOREL  SCALE  ~  - 

The  standard  Forel  scale  is  used  in  con- 
junction" with  the -Secchi  djsc  for  the  purpose  of 
determining  water  color.  The  scale  consists  off  a 
series  of  11  small  vials  containing  ammoniacal 
copper -sulphate  and  neutral  potassium  chromate 
in  such  proportions  that  a  different  graduation 
of  color  is  jmparted_to  each  vlal.;  These  vials 
are  numerically  designated  and  are  compared 
directly  with  the  water  in  the  manner  described 
below.  . 

After  completion  of  the  transparency  meas- 
urement .with  the  Secchi  disc,  raise  the.  disc  until 
it  lies  approximately  one  meter  below  the  surface. 
(See  figure  57.)  Then  compare  each  vial  with  the 
water  in  order  to  determine  which  vial  blends 
most  closely  with  the  water  color  against  the 
Secchi  disc.  The  whiteness  of  the  disc  provides 
the  background  to  which  the  color  is  referred; 
this  color  may  not  be  the  color. of  the  surface 


visible  away  from  the  ship.  Besure  to  shade  the*     of  tfce  vial  that  Wends-  most  closely  with  the 
vials  away  from  the  open  sunlight  when  making     water  color.  ^ 
the  determination.  Afterwards ,  record  the  number 


y 


— i 
i 

w 

i 

j 

Figure  57.—  Obtaining  water  color  with  the  Forel  scale. 
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SAFETY  PROCEDURES  ANDJIAND  SIGNALS 
FOR  OCEANOGRAPHIC  OBSERVATIONS 


SAFETY  PROCEDURES 

When  conducting  oceanographic  observations, 
you  run  the  risk  of  personal  damage  and  damage 
to  extremely  expensive  equipment  and  instru- 
ments. Therefore,  it  is  important  that,  at  all 
times,  you  follow  prescribed  operating,  main- 
tenance, and  safety  procedures.  You  hsvealreidy 
considered' many  safety  procedures  for  oceano- 
graphic^observations,  out  to  reinforce  and  em- 
phasize these  procedures,  we  have  listed  below 
general  safety  procedures  and  precautions  that 
are  applicable  to  any  vessel  conducting  oceano- 
graphic  observations.  * 

1.  The  oceanography  officer  is  responsible 
for  ensuring  that  assigned  projects  are  conducted 
in  a  safe  and  correct  manner. 

f  2,  The  oceanography  officer  should  ensure 
that  equipment  necessary  for  the  conduct  of 
scheduled  oceanographic  projects  is  aboard,  is  in 
good  condition,  and  is  properly  maintained* 

3.  The  oceanography  officer  shall  act  as 
safety  officer  for  as  many  casts  as  practicable. 

4.  It  is  essential  that  the  oceanographic 
equipment  be  in  ,excellent  operating  condition 
prior  to  patrol. 

5.  Follow  the  winch  instruction  manual  rel- 
igiously. 

6.  The  winch  operator  should  have  a  clear 
view  of  the  oceanographic  platform,  A-frame, 
meter  wheel,  and  the  counter. 

7.  Take  care  when  spooling  wire  rope  or 
cable. 

8.  Know  the  causes  of  wire  rope  loss  or 
damage, 

9.  Know  the"  safety  factor  for  wire  rope. 

10.    Always  test  wire  that  is  in  poor  con- 
dition prior  to  commencement  of  a  cast. 


r 


11.  Conduct  an  inspection  of  the  wire  on  the 
last  cast  of  a  cruise. 

12.  Conduct  wire  inspections  each  time  dam- 
aged wire  is  cut  off. 

V 

13.  The  winch  operator  shall  conduct  a  quick 
visual  wire  inspection  each  time  the  winch  is 
stopped  during  a  cast.  ' 

5 

14.  Wash  wire  rope  or  cable  with  fresh 
water  after  each  cru^e  to  remove  the  surface 
salt  accumulation. 

15.  Carefully  inspect  Nansen  wire  older  than 
four  years  and  STD  cable  older  than  one  year 
prior  to  using  them  and  then  use  them  with 
caution. 

16.  Know  the  difficulties  that  can  occur 
with  various  wire  angles. 

17.  Exercise  caution  so  that  the  STD  fisn 
is  not  two-blocked  into  the  meter  wheel. 

18.  Rig  the  oceanographic  platform  .and  its 
accessories  properly. 

19.  When  bringing  in  the  Nansen  bottles, 
exercise  caution  when  hoisting  them  to  the  plat- 
form. 

20.  Ready-rig  a  cable-grip  in  case  of  emer- 
gency. 

21.  The  winch  operator  should  be  thoroughly 
familiar  with  emergency  stopping  procedures,  . 
hand  signals,  etc. 

22.  The  platform  man  should  wear  flotation 
gear,  a  hard  hat,  safety  shoes,  and  a  swimmer's 
harness  with  a  safety  line  secured  to  the  ship."  He 
should  also  wear  a  leather  arm  guard  for  use 
in  fending  the  cable  off  the  platform. 

23.  ^  For  a  night  cast,  check  all  areas,  in- 
cluding over  the  side,  for  proper  lighting. 
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24.  The  safety  officer  should  check  all  pre- 
parations. 

25.  The  OOD  should  provide  for  a  fath- 
ometer watch  and  soundings  especially  if  depth 
is  rapidly  shoaling*  ^ 

i 

26.  The  OOD  should  maneuver  the  ship 
whenever  conditions  warrant 

27.  The  oceanographlc  supervisor  directs 
the  winch  operator  with  hand  signals  and  by  voice. 

28.  Always  carry  .Nansen  bottles  in  a  ver- 
tical position  and  never  handle  them  by  the  ther- 
mometer frames, 

29.  Use  a  safety  lanyard  on  each  Nansen 
bottle  prior  to  attaching  the  bottle  to  the  wire. 

30.  If  the  cast  is  in  danger  of  touching  the 
platform,  the  platform  man  fends  the  cast  off 
by  use  of  the  leather  arm  guard. 

31.  The  winch  operator  shall  use  slow  speed 
and  operate  the  wfnch  smoothly. 

32.  When  the  cast  is  over  the  side^  never 
leave  it  unattended* 

33.  Use  extreme  caution  in  bringing  the 
last  bottle  (bottom  bottle)  up. 

34.  Use  a  safety  lanyard  as  each  Nansen 
bottle  is  removed  from  the  wire. 

35.  Slow  the  winch  when  a  Nansen  bottle 
is  within  10  meters  of  the  meter  wheel. 

36.  The  last  step  of  a  Nansen  cast  is  the 
proper  cleaning,  lubrication,  maintenance,  and  the 
storing  of  equipment. 

37.  At  no  time  shouldvyou  put  out  a  great-  ' 
er  amount  of  cable  than  the  depth  of  the  water. 

38.  Make  sure  the  proper  timing  gear  is 
usedjor  the  appropriate  cable. 

39.  Use  care  to  prevent  equipment  from 
striking  the  side  of  the  vessel. 

40.  The  recorder  operator  shall  control 
the  speed  of  the  winch  during  an  STD  cgst^ 
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41*  Secure  all  power  to  the  STD  before 
t  bringing  the  fish  out  of  the  water.  ■ 

42.  Be  particularly  cautious  when  working 
with  large  wire  angles. 

r 


HAND  SIGNALS  FOR  OCEANOGRAPHIC  CASTS 


The  following  hand  signals  are  to  be  used 
during  oceano graphic  casts  to  ensure  prompt  and 
accurate  communication  between  the  supervisor 
and  winch  operator.  More  specifically,  these 
hand  signals  are  designed  for  the  critical  moments 
— lowering'  and  raising  of  Nansen  bottles.  They 
may  also* be  used  for  "STD"  casts  and  other 
oceano  graphic  operations.  ^ 


LOWERING 

When  the  supervisor  has  determined  that  the 
Nansen  bottle  or  STD  fish  is  ready  to  be  lowered, 
he  will  extend  his  arm  well  over  his  head,  bend 
his  wrist  sharply,  and  point  down  with  his  index 
finger.  Ensuring  that  the  winch  operator  sees 
this,  the  supervisor  commences  making  large, 
bold  circular  sweeping  motions  with  his  whole  * 
arm  (see  figure  58).  He  Continues  this  signaling 
until  the  Nansen  bottle  or  STD  fish  is  completely 
submerged.  Then  he  boldly  lowers  his  arm  through 
an  arc  of  180  degrees  in  front  of  him,  still 
keeping  his  arm  extended  and  his  index  finger 
pointing  down  (see  figure  58).  The  winch  operator 
now  knows  that  the  Nansen;  bottle  or  STD  fish 
is  well  submerged  and  that  he  may  increase  the 
payout  speed  according  to  instructions  that  we 
have  already  described  in  this  "pamphlet. 

RAISING 

When  raising  a  cast,  the  winch  operator  should 
always  slow  down  about  10  meters  from  the  meter 
wheel  reading  where  each  bottle  was  placed  on  the 
cable.  When  tj^e  Nansen  bottle  or  STD  fish  is  in 
sight,  the  ^upeYvisor-  should  boldly  extend  his 
arm  high  o\er  wis  head  with  the  index  finger 
pointing  up.  Attke  aitme  time,  he  should  loudly 
shout  "IN  SIGnrV  When  the  .bottle  breaks  the 
surface,  he-cfiMFences  making  barge,  bold  cir- 
cular sweeping/notions  with  hia/a^m  and  loudly 
shouts  "SURFACE."  (See  figure  58.) 


Figure  58.—  Hand  signals  for  Oceanographic  casts. 
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STOP  (DURING. LOWERING  OR 
RAISING  OR  ANY  EMERGENCY)  & 

With  his  arm  high  over  the  head,  the  super- 
visor loudly  shouts  "STOP"  or  "HOLD"  and  clen- 
ches his  fist  (See  figure  58.) 


NOTE;  The  immediate  area  must 
be  clear  of  all  unneeded  people.  The 
supervisor  should  ensure  that,  if  pos-  " 
sible,  the  winch  operator  is  able  to  see 
as  much  of  the  cable  as  possible.  Ex- 
cessive winch  speed  is  a  major  cause  of 


a  lost  cast.  Regardless  of  the  wire 
angle,  when  the  first  bottle  (bottom 
bottle)  or  STD  fish  is  lowered,  the 
supervisor  must  take  extreme  caution 
to  keep,  the  Nanaen  bottle  or  STD  fish 
from  striking  the  platform.  The  same  is 
true  also  when  raising  a  cast.  Team- 
work is  essential  for  the  observation. 
Improper  planning,  confusion,  unneces- 
sary people,  and  improper  care  of  the 
winch,  A-Frame/platform  area,  Nansen 
bottles,  and  all  associated  equipment 
are  the  enemies  of  the  Oceanographic 
Team. 


\ 
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DATA  PROCESSING  OF  WEATHER  INFORMATION 


\  * 

i 


The  processing  of  weather  information  in- 
volves the  analysis  of  various  charts,  such  as 
surface  charts,  upper  air  charts  t  AROWAGRAMS, 
etc.,  and  the  interpretation  of  the  various  mes- 
sages received  via  teletype  and  of  the  charts 
received  over  the  various  facsimile  circuits: 
The  purpose  of  this  section,  therefore,  *  is  to 
discuss  analysis  of  the  basic  weather  charts— 
both,  surface  and  upper  air— and  interpretation  of 
the  more  compionly  used  weather  teletype  mes- 
sages and  facsimile  charts!  The  discussion* will 
be  general  in  nature,  because  it  is  beyond  the 
scope  of  this  course  to  cover  completely  every 
aspect  of  the  analysis  and  interpretation  of 
weather  d£ta. 


SURFACE  ANALYSIS 

The  surface  synoptic  chart  or  plotted  weath- 
er .map  is  a  valuable  tool  for  forecasting  weather. 
It  presents  to  the  forecaster  and  other  interested 
parties  a  synoptic  view  of  weather  conditions* 
By  comparing  the  situation  depicted  on  the 
current  map  with  preceding  situations,  you,  as 
an  MST,  can  forecast  future  trends. 


CONSIDERATION  OF  REPORTED 
ELEMENTS 

After  all  available  weather  data  have  been 
plotted  on  a  map,  the  map  is  ready  to  be  analyzed. 
However,'  before  we  consider  how  to  analyze 
the  map,  we  should,,  first  understand  the  signifi- 
cance of  the  following  date  that  is  plotted  on  the 
map. 

Temperature 

Temperature  is  a  valuable  element  for  locat-. 
ing  fronts  during  the  winter,  but  in  many  cases' 
.this  element  is  over-used  for  this  purpose. ' 
Temperature'  discontinuity  is  more  readily  used 
with  dense  coverage,  of  information  than  with 
sparse  coverage.  *  * 


Dew  Point 

Dew-point  temperature  is  an  important  ele- 
ment for  locating  fronts  having  only  a  slight 
temperature  difference,  i.e.  warm  fronts,  weak 
cold  fronts,  and  stationary  fronts.  In  warm  air, 
there  is  generally  a  smaller  spread  between 
temperature  and  dew  point  than  in  cold  air; 
that  is,  warm  air  is  more^humid  than  cold  air. 

Pressure  Change  Discontinuity  ^ 

In  general,  pressure  falls  ahead  of  a  front 
and  rises  behind  the  front.  However,  for  a 
stationary  front,  the  pressure  tendency  is  nor- 
mally the  same  on'both  sides  of  the  front.  There 
are  variations  to  these  general  patterns  because 
of  different  rates  of  change  on  each  side  of  the 
front,  but  the  normal  patterns  still  exist, 

P 

Remember  that  pressure  reports  taken  by 
land  stations  are  more  representative  than  those 
taken  by  ships. 

Clouds  and  Precipitation 

Generally*  cold  fronts  siujoVfcold  occluded 
fronts  have  cumuliform  clouds  and  showery 
precipitation.  Cold  fronts  and  cold  occluded 
fronts  having  shallow  slopes  are  accompanied  by 
stratiform  olouds  and  continuous  or  intermittent 
precipitation.  Warm  fronts  and  warm  occluded 
fronts  normally  have  stratiform  clouds  and  con- 
tinuous precipitation. 

Wind  Discontinuity 

Accompanying  most  fronts,  especially  cold 
and  occluded  fronts,  are  wind  shifts  sharp  enough 
to  show  up$  on  the  surface  weather  map.  Wind 
shifts  with  speeds  of  10  knots  or  greater  are 
usually  significant  for  locating  fronts.  To  be 
significant,  the  shift  MUST  be  along  a  trough 
line  and  not  along  a  ridge  line  (wedge). 

s 

Wind  data  reported  from  *ships  are  more 
repy^gtttative  than  those  reported  from  land 
stk^ions^  \  . 
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Figure  1.—   Labeling  pressure  systems  on  a 
surface  weather  chart.  The  positions  given  are 
for  06002,  1200Z,  and  1800Z;  all  positions  are 
for  the  15th  of  the  month. 

HISTORICAL  SEQUENCE 

The  first  step  in  the  analysis  of  a  surface 
weather  "map  is'  to  correct  the  previous  chart 
by  entering  any  late  reports  that  have  a  bearing 
on  the  chart's  analysis.  The  next  step  is  to 
enter  onto  foe  ppesent  chart  all  pressure  centers 
that  bccurrloUiuring  the  previous  24  hours.  To  do 
this,  use  black  ink  and  mark  each  center  with 
an  ICXM  enclosed  in  a  circle.  Next,  connect 
these  positions  with  a  dashed  line  to  show  move- 
ment. "Label  each  position  with  the  date  and 
time.  (See  figure  1.) 

After  you  have,  entered  the  positions  of  all 
centers,  the  next  step  is  to  enter  the  positions 

•  of  all  fronts  from  the  previous  chart  (only  the 
previous  chart  is  used  for  fronts).  Do  this  by 
tracing  the  past  position  in  yellow. 

PRELIMINARY  ANALYSIS 

The  first  step  leading  to  the  complete  surface 
analysis  consists  of  visually  scanning  the  chart 
and  noting  from  the  data  plotted  around  each 
station  the  areas  of  high  and  low  pressure,, the 
general  wind  flow  about  these  areas,  and  the 
approximate  positions  of  fronts.  When  scanning 
the  chart  and  following  the  past  history,  you 
should  be  able  to  approximate  what  the  final 
analysis  shoifld  look  like.  Locate  the  station 
ha\ing  the  highest  or  lowest  plotted  pressure 

*  valuein  one  particular  area. 

BASIC  ANALYSIS 

After  visually  surveying  the  chart,  you  are 
ready  to  start  the  basic  analysis  of  the  chart,* 
The  first  sequence  in  basic  analysis  is  Isobarjjfe 
analysis.  *  1 

Isobaric  Analysis 

This  phase/consists,  of  drawing  lines  in  the 
areas  of  hign  and  low  pressure  which  connect 
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Figure  2.—  Illustration  of  Buys-Ballot's  law, 

points  of  equal  pressure.  These  lines,  called 
isobars,  outline  areas  of  high  and  low  pressure. 
Drawing  an  isobar  is  merely,  drawing  a  line 
which  follows  the  general  wind  flow  and  which 
connects  points  having  equal  pressure  values. 
The  numerical  values  which  you  refer  to  when 
drawing  isobars  are  the  plotted  pressure  values 
to, the  northeast  of  each  station  circle. 

Certain  practices  that  you  must  follow  when  . 
drawing  isobars  ar'e  described  below. 

Buys-Ballot's' Law.—  An  isobar  on  a  weather 
map  represents  a  specific  numerical  value  and 
must  be  drawn  in  such  a  manner  that  pressure 
values  of  greater  numerical  value  occur  on  one 
skie  of  the'  line  being  drawn,  while  lesser  pres- 
sure values  occur  on  ttie  other  side  of  the  line. 
This  principle,  is,  stated  as  Buys-.B&llot's  law, 
which  ^tates:  "In  t  the  Northern  Hemisphere, 
whfert  one  stands  with  his  back  to  the  wind,  the 
pressure  on  his  left  hand  will  be  lower  than 
the  pressure  on  his  right  hand*"  See  figure  2 
for  an  illustration  of  Buys-Ballot's  law. 

^  Drawing  Isobars  Downwind.—  Isobars  must' 
always  follow  the  general  wind  flow.  However, 
remember  that  winds  blow  across  isobars*  at  a 
slight  angle.  The  angle  is  inward  toward  a  center 
of- low  pressure  and  is  outward  fljM^^n^r 
of  high  pressure.;  (See  detail  ^HMSfce 3.) 
If  the  terrain  Js  smooth,  thisw  BswTtt'  be 
small;  but  the  rougher  the  terr^^«come3, 
the  greater  the  angle  will  be.  Over  ocean  arena, 
winds,  blow  across  isobars  at  angles  of  10  to 
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Figure  3.-  Angles  of  wind  direction  to  isbbars:  A,  if  the  earthed  not  rotate;  Blunder  the  influence 
of  the  earth's  rotatioh;  and  C,  under  the  influence  of  both  the  earth's  rotation  ahd  friction. 


■  Figure  4.—  Isobars  drawn  down  the  wind  may  turn 
sharply  to  the  -left  but  not  To  the  right.  The 
isobar  should  not  turn  sharply  to  the  right  a§ 
shown  by  the  dashed  line. 

20  degrees,  but  over  very  rough  land,  the  angle 
can  be  as  much  as  40  degrees. 

«      -  t 

Isobars  drawn  downwind  may  turn  sharply 
to  the  left  but  not  to  the  right.  When  there  is  a 
kink  or  sharp  turn,  it  must  always  occur  to  the 
left  and  never  to  the  right  (sjee  figure  4). 

Drawing  Isobars  as  Closed  Curves  or  Curved 
Lines.—  Isobars  must  always  appear  as  either 
simple  closed  curves' or  closed  lines.  Isobars 
may  originate  and  terminate  in  the  fo  Ho  wing 
manner: 

1.  Originate  on  one  edge  of  the  chart, 
follow  a  path  connecting  points  of  equal  pressure 
values,  and  terminate  on  the  same  £dge  of,  the 
chart.  * 

2.  Originate  on  one'  edge  of  the  chart,  fol- 
low a  path  connecting  points  of  equaKpressure 


values,  and  terminate  on  anjj  of  £he  other  three 
edges  of  the  chart*  *  v 

3.  Originate  anywhere  on  the  chart,  follow 
a  path  connecting  points  of  equal  pressure  values, 
and  join  ends  to  close  on  itself  ,  (form  a  closed 
curve).  * 

•  *  * 

4.  Originate  and/or  terminate  in  an  area 
where  there  are  no  reports. 

ISOBARS  CAN  NEVER*  CROSS  ONE  AN- 
OTHER, '  INTERSECT  ONE  ANOTHER,  OR 
SPIRAL,  Isobars  can  never  touch  except  when 
two  ends  of  tfie  same  isobar  Join  to  make  a 
closed  curve  (see  figure  5). 

Interval  of  Pressure  Change.—  In  order  to 
eliminate  overcrowding  of  isobars  and  yet  main- 
tain a  clear  indication  «  of  pressure  centers, 
draw  isobars  for  specific  pressure  values  and 
at  certain  intervals.  In  the  area  between  the 
Equator  and  25  degrees  north  and  south  latitude, 
draw  isobars  for  every  2  millibars  of. pressure. 
To  determine  the  exact  values  to  use,  use  1000 
millibars  as  the  base  value  and  proceed  toward 
increasing  and  decreasing  values  in  2-miIlibar 
increments. 

.   In  areas  between  the  poles  and  25  degrees 
north  and  .south  latitude  (areas  for,  which  most 
charts  are  plotted  and  analyzed),  draw  isobars 
for  every  4  millibars  of  pressure.  Determine  • 
the  exact  values  to  use  bj?  using  1000  as  the 
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base  value  and  proceeding  toward  increasing 
and  decreasing  values  in  4-mill?bar  increments. 
For- example,  with  1000  as  the  base,  the  intervals 
are  1012,  1008,x1004,  1000,  996,  992,  988Aetc\ 
When  first  drawing  Jhe  isobars,  it  is  usuVlJy 
a  good  idea  to  sketch  every  other  isobar.  ;I 
is,  sketch  the  1000-miilibar  isobar,  "tfJeiTfhe- 
1008-millibar  isobar,  etc,  mm 

Because  of  the  varied  distribution  of  pres- 
sure  centers,  you  can  seldom  draw  isobars  for 
every  standard  value.  7/ 

The  Two-Station  Method  of  Analysis.—  To 
determine  the*flow  of  isobars,  use,  the  two- 
station  method  of  analysis.  The  first  stept  in 
this  method  is  to  locate  areas  of  highest  and 
lowest  pressure  values  over  a  land  surface. 
(Always  start  "the  analysis  over  land  areas 
where  reports  are.  numerous;  avoid  starting  the 
analysis  over  mountainous  areas  or  ocean  areas 
where  reports  are  in  short  supply.) 

.  Of  the  areas  you  have  Jocated,  select  one, 
either  the  highest"  or.  the  lowest,  and  within 
thfs  area  locate  one  station  having  the  highest 
(or  lowest)  pressure  value  and' note  its  pressure. 
Go  downwind  from  this  station  to  the  next  station 
and  note  the  pressure  of  this  next  station.  Then, 
determine  what  standard  isobaric  value,  if  any, 
•  will  fit  between  these  two  stations  in  a  logical 
numerical  order.  If  a  standard  isobaric  value 
fits  between  these  two  stations,  sketch  lightly 
between  the  stations*  a  short  line  that  is  more  or 
less  parallel  to  the  wind  direction  but  that  has 
the  wind  crossing  it  toward  LOWER  pressure. 
If  a  standard  isobaric  value  'will  not  fit  between 
the  two  stations,  continue  downwind  to  the  next 
adjacent  station  and  repeat  the  entire  process. 

Note  the  plotted  pressure  values  at  several 
stations  immediately  downwind  from  the  point 
of  origin.  You  will  find  that  the  isobar  that  you 
have  begun  to  sketch  will  fit  between  only  two 
of  these  stations.  Project  the  short  line  that  you 
have  already  drawn  to  this  new  point.  (See  figure 
7.) 


Repeat  the  search-ALWAYS  DOWNWINDp 
and  project  the  isobar  to  the  new^oints.  Cod- 
tinue*  this  procedure  until  the  isobar  ^ou  e 
drawing  either  (1)  circumscribes  an  area  by 
returning  to  the  point  of  origin  and  joining, 
itself  to  form  a  closed  curve  or  (2)  enters  an 


Figure  7,—  The  isobar  for  1012  mbs  is  started 
at  A  and  is  drawn  down  the  wind  in  the,  direction 
shown  by  the  black  arrowheads,  the  position 
of  the  line  being  determined  py  the  coded  baro- 
metric pressure  readings, 

area  where  there  are  no  reports  and  there  is  no 
justification  for  continuing. 

Remembering  that  all  points  along  an  isobar 
represent  the  same  numerical  pressure  value, 
move*  from  any  point  of  the  finished  isobar 
outward  to  an  adjacent  station.  Determine  if 
another  isobar  (of  greater  or  lesser  value)  may 
be  drawn  between  this  station  and  the  isobar 
just  completed.  If  so,  proceed  in  the  manner 
outlined  above.  If  not,  continue  outward  in  the 
same  direction  to  the  next  adjacent  station. 
Eventually,  you  will  encounter  an,  area  between 
two  stations  where  you  can  draw  the  next  stand- 
ard  ispbar.   Draw  this  isobar  in  the  manner 

described  above,  . 

***** 

Repeat  the  drawing  of  jsobars  until  you 
have  drawn  an  isobar  for  all  standard  pressure 
values.   Of  course;   ff  there  are  few  plotted 
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Figure  8,—  At  the  left,  when  the  isobars  are  "drawn  down  the  wind  from  A  to  C, 
a  wind  discontinuity  is  found  along  line  DE.  At  right,  the  isobars  have  been  drawn 
to  fit  the  line  of  discontinuity.  In  both  illustrations,  a  cold  front  is  indicated  by 
the  wind  shift  and  a  well-defined  pressure  trough. 


pressure  values  in  an  area,  it  may  be  impossible 
to  draw  isobars  for  all  standard  isobaric  values. 
Therefore,  it  stands  true  that  the  greater  the 
number  of  plotted  stations,  the  more  complete 
and  accurate  the  analysis  will  be. 

Frontal  Analysis 

After  you  have  finished  drawing  isobars,  the 
nefct  step  oibasic  analysis  is  to  analyze  the  map 
for  frontal  systems,  * 

Cold  Front  Analysis,—  Cold  fronts  are  located 
*.  in  well-defined  pressure  troughs,  that, is,  where 
'therq  is  a  marked  Density  contrast  between  the 
two  air  masses  involved.' A  careful  analysis  of 
the  isobars  will,  in  moSF*  cases,  indicate  the 
-  correct  position  of  the  pressure  trough  that 
contains  the  front  (see  figure  8).  Other  indications 
of  a  6oid  front's  location  are  as  follows: 

1.  Pressure  Tendency  -  In  advance  of  cold 
fronts,  the  pressure  tendency  is  usually  indicated 
by  a  steady  or  unsteady  fall.  After  passage,  it. 
will  be  indicated  by  either  a/,  \/,  or  a\^  tendency? 


2.  Wind  -  With  the  approach  of  the  front, 
the  wind  is  normally  from  the  south  to  southwest. 
At  frontal  passage  the  wind  usually  shifts  abruptly 
t<>  the  west  or  northwest  and  aftertpassage  is 
from  the  notthwest.  (See  figure  8.) 

3.  Clouds  -  In  advance  of  the  front,  the 
cloud  types  are  typical  of  warm  aii*.  Towering 
cumulus,  cumulonimbus,  stratocumulus,  and 
nimbostrgtus  are  associated  with  the  passage  of 
the  front.  After  passage,  these  cloud  forms  may 
prevail  for  several  hundred  miles,  as  is  the  case 
with  slow-moving  (type  I)  cold  fronts;  but  with 
the  fast-moving  (type  II)  cold  fronts,  very  rapid 
'clearing  occurs.  With  both  types  of  cold  fronts, 

the  only  clouds  normally  found  well  back  in  the 
cold  air  after  passage  are  fair-weather  cumulus. 

4.  Precipitation  -  Showers  and  sometimes 
thunderstorms  will  be  observed  with  a  cold  frontal 
passage.  A  type  I  (slow-moving)  front  will  produce 
a  very  extensive  band  of  weather  which  may  persist 
for  150  to  300 'miles  behind  the  front.  With  the 
type  n  (fast- moving)  front,  a  very  narrow  hand 
of  weather  exists. 
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5.  Temperature  and  Dew  Point  -  Both  tem- 
perature and  dew  point  will  be  high  before  a  cold 
frontal  passage  and  will  decrease  rapidly  after 
passage  of  the  front. 

6.  Visibilities  and  Ceilings  -  With  the  ap- 
proach and  passage  of  the  front,  visibilities  and 
ceilings  will  decrease  rapidly  and  will  remain 
low  after  passage  (type  If  or  increase  rapidly 
after  passage  (type  II). 

Warm  Front  Analysis.—  You  can  generally 
locate  active  warm  fronts  from  the  pressure 
troughs  on  the  weather  chart.  The  troughs  are 
seldom,  as  pronounced  as  those  observed  with 
cold  fronts;  therefore,  you  .must  consider  other 
elements  in  order  to  locate  warm  fronts  accu- 
-    rately.  These  elements  are  as  follows: 

1.  Pressure  Tendency  -  Pressure  usually 
falls  for  an  appreciable  length  of  time  prior  to 
the  frontal  passage  and  is  normally  steady  after 
passage.  The  tendencies  in  advance  of  the  front 
would,  therefore,  be  a  \  or  a  *\  tendency.  A 
warm  frontal  passage  is  usually  indicated  by  a 
u  tendency.        •  4 

-  2.  Wind  -  The  wind  in  advance  of  a  warm 
f*ont  is*  usually  from  the  southeast;,  it  shifts 
to  the  south- southwest  after  passage. 

3.  Clouds  -  Warm  fronts  are  nearly  always 
well  defined  by  the  following  cloud  forms:  cirrus 
(700  to  1000  miles),  cirrostratus  (600  miles) 
altostratus  (300  to  500  miles),  and  nimbostratus 
and  stratus  (300  to  0  miles). 

4.  Precipitation  -  The  precipitation  area 
of  warm  fronts  extends  about  300  miles  in  ad- 
vance of  the  surface  front  and  is  of  the  steady 
type,  either  continuous  or  intermittent. 

5.  Temperature  and  Dew  Point  -  Abrupt 
temperature^  and  dew  point  changes  like  those 
characteristic  of  cold  fronts  do  not  accompany  " 
the  warm  frontal  passage.  Instead,  .the  changes 
are  gradual.  These  values  start  increasing  slowly 
with  the  approach  of  the  front  and  increase 
slightly  more  rapidly  with  the  passage  of  the 
front,  *~ 

6.  Visibilities  and  Ceilings  -  These  values 
are  normally  good  until  the  precipitation  begins. 
Then,  they  decrease  rapidly.  An  improvement  is 
usually  experienced  after  passage.  .  ' 


Occluded  Frontal  Analysis.—  To  locate  occlu- 
sions on  the  surface  weather  map,  consider  the 
following  factors:..  -  s  - 

1.  Historical  Sequence  -  By  following  an 
vunstable  wave  cyclone  in  its  life  cycle,  you  can 
generally  determine  when  the  occluding  process 
will  occur, 

2.  Location  -  Occlusions  occur  in  very 
well-defined'pressure  troughs, 

3.  Pressure  Tendency  -  Pressure  usually 
falls  at  a  considerable  distance  ahead  of  a  cold- 
type  occlusion  and  rises  rapidly  after  passage. 
With  •  the  warm-type  occlusion,  the  pressure 
changes  may  be  very  erratic  with  the  passage 
of  the  upper -front  but  will  rise  after  jpassage 
of  the  surface  front, 

4.  Temperature  -  Temperature  differences 
associated  with  occlusions  are  tess  marked  than 
those  associated  with  cold  fronts  or  warm  fronts. 
However,  with  the  cold-type*  occlusion,  the  tem- 
perature after  passage  of  the  surface  front  will 
be  slightly  colder  than  the  temperature  in  ad- 
vance of  the  warm  front.  With  the  warm-type 
occlusion,  the  reverse  is  true, 

5.  Wind  -  A  wind  shift  is  one  of  the  most 
characteristic  features  of  occlusions.  The  wind 
shift  associated  with  occlusions  is_^very.abrupt, 
sometimes  amounting  to  as  much  as  180  degrees. 
In  advance  of  the  suVface  front,  the  wind  direc- 
tion is  south  or  southeast;  after  passage,  the 
wind  shifts  to  the  north  or  northwest, 

.  „  v 

6.  Clouds  and  Weather  -  Since  the  occluded 
front  is  a  combination  of  cold  and  warm  fronts, 
the  resulting  clouds  and  weather  are  a  combina- 
tion of  the  conditions  that  exist  along  both  fronts, 

FINAL  ANALYSIS 

After  \ou  have  sketched  all  of  the  isobars 
and  have  ddterinined  the  positions  of  the  fronts, 
you  are  ready  to  complete  the  last  step  of 
surface  analysis— final  analysis.  - 

Final  analysis  consists  primarily  of  erasing 
*and  redrawing  the  isobars  in  order  to  smooth 
out  ajiy  irregularities  in  the  isobars  which  you 
drew  during  basi^analysis  (see  figure  9),  Simple 
isobars,  and^asie  wind  patterns  ar^much  more 
probable  than  complicated  isobars'  (although  the 
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Figure  9,—  Smoothing  of  isobars, 

patterns  sometimes  have  an  unlikely  appearance 
bfecause  of  local  conditions,  topography,  etc.). 
Therefore,  in  order  for  the  isobars  to  conform 
to  MOST  logical  situations,  you  should  eliminate 
*  irregularities  in  the  shape  of  isobars  whenever 
possible.  Irregularities  in  isobars  are  most 
frequently  due  to  incorrect  pressure  computa- 
tions and  observing  techniques  at  reporting  sta- 
tions, *  - 

When  smoothing  out  the  irregularities,  erase 
the  innermost  isobar  in  a  pressure  center  by 
using  a  freehand  stroke.  Then  redraw  the  isobar 
so  that  it  has  a  smooth  shape  or  appearance, 
and  label  it  with  the  appropriate  millibar  value 
it  represents.  Label  isobars  at  all  loose  ends 
and  at  least  once  on  a  closed  curve.  Then, 
erase  the  next  isobar  away  from  the  center  and 
smooth  and  label  it.  Continue  the  smoothing 
process  until  you  have  erased,  redrawn,  and 
labeled  all^of  the  isobars  which  you  sketched 
during  the  basic  analysis. 

The  next  step  is  to  label  all  high  pressure . 
centers  with  a  blye  Block  letter  "H"  and  to  label 
all  low  pressure  centers  with  a  red  block  letter 
"L.'*  With  a  high,  the  pressure  decreases  as 
you  move  away  from  the  center?  with  a  low, 
the  pressure  increases  as  you  move  away  from 
the  center.  \Skh  figure  10,)  * 
*  * 

Isobars.*  must  agree  not  only  with  pressure 
but  also  with  «the*  general  wind  flow.  Winds  blow 
in  a  clockwise  ctfrectiori  about  high  pressure 
af*eas  and  counterclockwise  about  low  pressure 
areas  '(in  the  Nb^thern  Hemisphere),  Because 
of  the  effects  of  friction,  winds  blow  across 
isobars  at  a'  slight  angle  ^from  high  to  low  pres- 
sure, '  " "  •  *  ,  ^ 

The  spacing  between  isobars  is  directly  * 
delated  to  wind  speed.  The  closer  the  isobars 
are  to  one  another,  the  stronger  the  wind  speed; 
likewise,  the  wider  the  spacing,  the  lighter  the 


wind  speed  (see  figure  11),  The  principle  of 
this  phenomenon  is  as  follows,  When  air  moves 
across  the  earth's  surface,  the  effect  of  the 
earth's  rotation  results  in  a  tendency  for  the 
air  to  turn  to  the  right  in  the  Northern  Hemi- 
sphere and  to  the  left  in  the  Southern  Hemisphere, 
(If  it  were  not  for  the  rotation  of  the  earth, 
the  wind  would  blow  directly  across  the  isobars 
from  high  to  low  pressure,)  Therefore,  north 
of  the  Equator  the  air  does  not  move  across 
the  isobars  but  turns  to  the  right,  tending  to- 
move  more  nearly  along  the  isobars.  This  tend- 
ency is  least  at  the  Equator  and  increases  with 
latitude,  becoming  a  maximum  at  the  poles. 
When  the  tendency  to  turn  to  the  right  is  balanced 
by  the  pressure  gradient,  which  causes  the  wind 
to  tend  toward  low. pressure,  the  wind  is  said 
,to  be  geostrophic.  Therefore,  it  is  evident  that 
the  greater  the  tendency  to  turn  to  the  right, 
the  greater  the  pressure  gradient  must  be-with 
a  given  speed  of  wind  blowing  along  the  isobar,  ' 
The  full  explanation  of  the  effect  of  the  earth's 
rotation  is  by  no  means  s'imple,  but  there  is  a 
useful  relation  between  the  speed  of  the  wind 
and  the  spacing  of  the  isobars,  which  is  showiv 
in  the  geostrophic  wind  table,  table  1,  #  : 


Table  1.—  Geostrophic  Wind  Table.  Distance 
between  isobars  over  the  ocean  at  four-millibar 
intervals  for  various  wind  speeds  ai>d  latitudes. 
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The  last  step  of  final  analysis  is  to  draw 
the  frontal  systems  on  the  chart.  Indicate  the 
location  of  fronts  as  follows:  red  lines  for  warm 
fronts,  blue  lines  for  cold  fronts,  and  purple 
for  occluded  fronts.  Depict  stationary  fronts 
with  alternately  dashed  red  apd  blue  lines.  See 
figure  12,  which  lists  the'WBAN  weather  analysis 
symbols. 


Figure  11.-  Isobars  are  closely  spaced  with 
strong  winds  (right)   ajid  widely  spaced  with 
light  winds  (left). 

SUMMARY 

•    Surface  weather  maps,  which  present  a 
synoptic  view  of  weather  conditions,  are  analyzed 
for  the  purpose  of  forecasting  weather  conditions. 
Analysis  of  a  surface  weather  map  involves . 
Performing  a  series  of  procedures  in  a  logical, ^ 
prescribed  sequence. 

"r 

The  first  procedure,  the  historical  sequence, 
involves  entering  the  past  record  of  the  move- 
ment (direction  and  speed)  of  pressure  centers 
and  fronts  onto  the  chart.  Enter  this  past  data 
onjy  after  updating  the  previous  chart  with  any 
late  reports  or  corrections.  The  next,  sequence 
is  preliminary  analysis  of  the  chart,  which 
entails  scanning  .the  chart  to  locate  areas  of 
high  and  low  pressure,  the  general  wind  flow 
about  these  areas,  and  the  approximate  positions 
of  fronts. 

After  visually  scanning  the  chart,  you  are 
v  ready  to  begin  basic  Analysis. .Draw  isobars  as 
either  simple  closed  curves  or  simple'curved 
lines  with  loose  ends  at  the  e4ges  of  the  chart. 
Sketch  the*  isobars   lightly,   keeping  in  mind 
Buys-Ballot's  law  (with  your  back-to  the  wind  in 
the  Northern  Hemisphere,  the.  low  pressure  is 
on  the  left)'.   Use  the  twb-station  method  of 
analysis  for  determining  the  flow  of  isobars  and 
draw  the  isobars  as  nearly  with  the'  wind  as 
possible.  Draw  isobars  for  the-specific  pressure 
values*  wj>ich  we  have  already  de(ined.  The 
.  end  result  jof  thi3  isobaric  analysis  is  a  pic*turo 
of  the  flow  of  wind  and'  pressure; 

After  drawing  the  isobars, -analyzejthe  map 
for  frontal  systems.  Base  your  analysis  on  factors 
such  as  pressure  tendency,  wind,  clouds,  pre- 
cipitatjqn,  temperature,  dew  point,  visibility, 
ceilings,  and  location. 


The  final  step  of  surface  analysis  consists 
basically  of  smoothing  out  any  irregularities 
in  the  isobars  due  to  errors  from  the  reporting 
stations.  As  you  smooth  the  isobars,  label  them 
with  the  appropriate  pressure  values.  After 
labeling  the  pressure  centers  as  either  high  (a 
blue  "H")  or  low  (a  red  "L"),drawin  the  frontal 
systems  with  colored  lines  to  indicate  what  type 
of  front  you  are  depicting.  This  concludes  surface 
analysis. 

UPPER  AIR  CHART  ANALYSIS 

Map  analysis  includes  not  only  surface 
weather  charts  but  also  upper  air  charts.  The 
upper  air  charts  used  in  conjunction  with  the 
surface  charts  are  essential  for  accurate  fore- 
casting. With  the  aid  of  upper  air  charts,  the 
forecaster  gets  a  3-dfcnensional  view -of  the 
synoptic  situation.       .  *  ~ 

-  "~-  -  _  ** 

~^he  flow"  pattern  of  the  air  in  the  free 
atmosphere  above  the  layer  of  frictional  in- 
fluence next  to  the  earth  is  indicative  of  the 
type  of  weather  that  will  occur  at  the  surface 
of  the  earth.  The*  direction  in  which  pressure 
systems,  fronts,  tropical  storms,  and  the  like 
move  depends  upon  the  wind  flow  above  the 
frictional  layer  of  the  atmosphere.  Therefore,  it 
is  necessary  to  determine  the  flow  pattern 
from  upper  air  charts. 

The  basic  upper rair  charfe  in  use  today  . 
axe  .termed  CONSTANT  PRESSURE  CHARTS, 
since-  they  depict  conditions  existing  along  a 
constant  pressure  surface.  They  are  a  valuable 
aid  fa  forecasting  any  weather  conditions  for  any 
locality.  * 

A  constant  pressure  chaft  is  a  chart  show-  . 
ing  meteorological  data  at  a  particular  standard 
level.  The  meteorological  data  for  these  charts 
are"  obtainecTfrom  radiosonde  and  rawinsonde 
observations.  The  standard  pressure leyejs men-  - 
tioned  are  those  levels  .for  which  mandatory 
data  are  transmitted  in  the  radiosonde  code,  ' 
These( include  the  1000-,  850-,  700- ,  500-,  400-, 
,.  300-,   250-,  200-,  150-./100-,  70-,  50-,  30-/ 
30-,  10-,  7-f  and  5-mb' levels. 

Although  constant  pressure  charts  may  be 
prepared  for  any  or  all  of  the  mandatory  levels, 
the,  most  common  charts  infuse  are  the  850-, 
700-v  500-,  300- ,  200-,  and  100-mb  charts.  The  * 
approximate  heights  of  the  constant  pressure 
surfaces  are  as  follows: 
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Figure  12.1-  WBAN  Weather  AnalyaU  Symbols. 
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As  previously  mentioned,  constant  pressure 
charts  are  primarily  used  as  an  aid  in  weather 
forecasting.  They  are  used  in  conjunction  with 
surface  synoptic  charts  to  accomplish  the  follow- 
ing: . 

%<.: 

1.    Deteriffine  movements  of  weather  sys-^ 


terns. 


2-.    Determine  cyclonic  and  anticylonic  wind- 
flow. 

/ 

/      3.    Help  define  air  masses.  - 

4.  Locate  moist  and  dry  areas. 

5.  Aid  in  forecasting  the  formation,  inten- 
sity, and  dissipation  of  pressure  systems. 

6.  Determine  the  actual  slopes  of  fronts. 

7.  Determine  the  vertical  extent  of  pres- 
sure systems*  - 

*\  ' 

8.  Forecast  the  Jetstream. 

PLOTTED  DATA' 

The  meteorological  data  entered  are  the 
height  of  the  standard  pressure  level  ab^j^ea 
level,  the  temperature  and  dew-point  depression 
at  the  standard  pressure  level,  and  the  wind  . 
speed  and  direction  at  the  standard  pressure  level* 
Just  as  a  surface,  chart  may  be  analyzedvto^ahow 
pressure  'systems*  fronts,  windflow,  and  the 
lijce,  „*hese  "constant  pressure  charts  may  also 
be  ahafyzfedfe  sh^ty '  these  variables*  . 


-  The  ^meteorological  plotting  chart  used  far 
plotting"  constant  pressure  data  is  the  same  as 
that  used  for  suirface  synoptic  data.  It  isproperly 
labeled  for  whatever  pressure  value  the  chart  is 


being  constructed  (850  rhb,  700  nab,  elc);  it  is 
also  marked  with  date  and  time. 

The  information  plotted  on  a  constant  pres- 
sure chart  is  obtained  from  the  radiosonde  and 
rawtasonde4  reports-  received  by  teletype  or  radio. 
These  charts  are  usually  plotted  and  analyzed 
every  12  hours;  they  represent  the  data  obtained 
from  the  0000  and  1200  GCT  radiosonde  and 
rawinsonde  releases.  The  following  is  a  repre- 
sentative entry  of  data  on  a  constant  pressure 
chart  (700  mb): 

(TT)  14,5  X  191  (hhft^ 

(DD)  3.0 

The  explanation  of  the  above  data  is  as  follows: 

hhh  Height  of  the  700-mb  level  in  whole  meters 
(hundreds,  tens,  and  units). 
Note;  For  levels  at  500-mb  and  higher, 
the  heights  are  reported  in  tens  of  meters 
(thousands,  hundreds,  and  tens). 

TT  Temperature  in  tens,  units,  and  tenths 
of  degrees  Celsius. 

DD  Dew-point  depression  to  the  nearest  0.1 
of  a  degree  C. 

6     Wind  direction  and  speed  entered  in  the 

f    same  manner  as  on*  winds  aloft  charts. 


UPPER  AIR  FEATUJREJ5 

The  surface  weather' chart  depicts  pressure 
systems  ojily  in  a  horizontal  extent.  The  vertical 
extent  and  orientation  of  the  pressure  systems 
defend  on' the  temperature  of  itie. atmosphere. 

The  rate  of  change  of  pressure  with  height 
depends  primarily  on  the  temperature.  The  pres- 
sure changes  nwst  rapidly  in  a  vertical  plane 
when  "the  temperature  -is  -Uow,  least  rapidly 
when  it  is  high.  Remember  that  pressure  is  a 
function  of  the  weight  of  the  atmosphere  and  that 
the  weight  of  thg^atmosphere  ^depends  upon  the 
density.  Cold  air^sjjenger  than,  warm  air. 
Therefore,"  cold*  lUjr  jmusfexert -more  pressure 
at  a  given^  altitude.  Assume  that  two  columns 
of  air  are  exerting  the. same, pressure  at  the 
surface;  the  column -containing  the^warmer  air 
has  to  extend  to  a  greater  altitude  to  exert  a 
pressure  at  the  surface  equal  to  that  exerted 
by  a  column  of  colder  and  denser  air.  Since 
the  height  of  the  colder  column  is  less,  it- 
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Figure  13.—  Cold  core  high. 


Warm  Core  ffifti* 


follows  yiat  the  pressure  must  decrease  more 
.  rapidly  with  altitude  in  the  colder,  air  and  that 
the  vertical  spacing  of  isobars  is  closer  together. 
Por  this  reason,  a  pressure  system  on  the 
surface  does  not  necessarily  exist  aloft.  On  the 
other  hand,  under  the  proper  temperature  condi- 
tions, a  pressure  system  may  intensify  with 
height.  \  •  4 

High-  and  low-pressure  systems  are  classi- 
fied as  either  cold  core  or  warm  core  systems. 

Cold  Core  High 

^  cold  core  high  is  one  in  which  the  tem- 
peratures on  a  horizontal  level  decrease  toward 
the  center. 

— «- 

Because  the  temperature  in  the  center  of  a 
cold  core  high  is  less  than  toward  the  outside 
of  .the  system,  it  follows  that  the  vertical  spac- 
ing of  isobars  in  the  center  of  this  system  is 
closer  together  than  on  the  outside.  Although 
the  pressure  at  the  center  of  these  systems  on 
the  surface  may  be  high,  the  pressure  decreases 
rapidly  with  height.  (See  figure  13.)  (For  the 
purpose  of  illustration,  figures  13  through  16 
are  exaggerated  from  the  way  that  they  appear 
in  actual  atmospheric  conditions.) 

Examples  of  cold  core  highs  are  the  North , 
American  High  and  the  Siberian  High. 


A  wam  core  high  is  one  in  which  the  tem- 
pera'tures  on  a  horizontal  level  increase  toward 
the, center;  -  ^ 

Because  the  temperatures  in  the  center  of  a 
warm  core  high  are  higher  tharf  on  the  outside 
of  the  system,  it  follows  that  the  vertical  spac- 
ing of  isobars  in  the  center  is  farther' apart 
than  toward  the  outside  of  the  high.  Fit? 
reason,  a  warm  core  high  increases  in  ir^ensity 
with  altitude.  (See  figure  14.) 
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Figure         tfarm  core  high.  * 

Examples  of  wa*rm  core  highs  are  the  Azores 
or  Bermuda  High  and  the  Pacific  High. 

Cold  Core  Low      "  * 

■7 

\ 

A  cold  core  low  is  one  in  which  the  tempera- 
tures decrease  on  a  horizontal  level  toward 
the  center,  f  s 

\ 

Because  the  t&bperatures  are  colder  in  the 
center  of  a  cold  oore  low,  it  follows  that  the 
isobaric  surfaces  in  a  vertical  plane  are  closer 
together  in  the  center.  F6r  this  reasoq,  cold 
core  lows  increase  in  intensity  with  fieight. 
(See  figure  15.) 

Examples  of  cold'core  lows  are  the  Aleutian 
Low  and  tye  Icelandic  Low.  > 


igure  15.—  ColdLco 


Warm  Core  Low 


A  warm.cor^  low  is  one  in  which  the  tem- 
peratures increase  toward  the  center, in  a  hori- 
zontal plane.  ,  • 


Because  the  temperatures  are  greatest  in 
the  center  pi  a  >arm  core  low,  it  follows  that 
ttie  isobaric  surfaces  in  the  center  are  farther 
apart  in  the  vertical  than  toward  the*outside 
where  the"  temperatures  are  lower.  For  .this 
reason,  warm  core  loWs  disappear  rapidly  with 
altitude.  (See  figure  16.)        ,  6 
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Figure  ,16.-  Warm  core  low. 

Examples  of  warm  core  lows  are  the  Equa- 
torial Low  and  the  thermal  lows  that  form  over 
land  areas  during  the  summer. 

Vertical  Axes 

The  vertical  axes  of'pressure  systems  are 
seldomiperpendicular.  Lows  tend  to  slope  toward 
colder  air  aloft  and  highs  toward  warmer  air. 
Thus,  the  position  of  pressure  centers  in  Jthe 
upper  air  will  not  necessarily  coincide"  with 
their  position  on  the  surface.  (See  figure  17.), 


Figure^  17. 


Comparison  of  pressure  systems. 


CONSTANT. PRESSURE 
CHART  ANALYSIS^  , 


As  a  Marine  Science'  Technician,  you  are 
frequently  called  upon  to  analyze  constant  pres- 
sure charts.  In  order  for  you  to  be  able  to  carry 
out  these  duties,  it  is  necessary  that  you  know 
the  vertical  structure  of  highs  and  lows,  frontal 
positions  aloft/  and  the  basic  techniques  of  constant 
pressure  chart  analysis* 

Analysis  Elements 

Contours.—  Contours  or  isoheights  are  lines 
of  fequal  height  drawn  on  a  .constant  pressure 


chart.  These  contours  show  the  height  of  the 
constant  pressure  surface  in-question;  draw  them 
for  30-meter,  60-nrieter,  or  120-mettr  intervals 
as  appropriate,  j^or  constant  pressure  charts 
up  to  the  300-mb  level,  draw  contours  for  60- 
meter  intervals.  For  levels  at  and  above  the^ 
30O-mb  level,  use  120-meter  interval.  In  cases 
in  which  the  gradient  is  weak  or  in  order  to 
delineate*  pressure  centers,  you  may  use  inter- 
mediate intervals  (30-meter  or  60-meter).  Con- 
tours are  the  upper  air  equivalent  of  isobars. 
They  look  about  the  same  as  isobars,  but  are 
usually  much  smother.  /Draw  them  for  meter 
intervals  rather  than  pressure  intervals,  as  are 
the  isobars.  Label  contours  in  accordance  with 
the  specifications  listed  in  table  2. 

The  contours  on  the  constant  pressure  charts 
show  smooth,  sweeping  orientations  of  troughs 
and  rid^Si  instead  of  the  confused  pressure 
distribution  often  found  on  surface  charts.  Nor- 
mally, they  parallel  the  wind  direction  and  are 
spaced  inversely  proportional  to  the  wind  speed. 
•  Closed  high-  and  low-pfressure  systems  appear 
less  frequently  on  constant  pressure  charts  than 
on  surface  charts.  / 

You  can  locafe  high  arid-  low  areas  from  the 
reported  height  values,.  Lows  have  a  lower  height 
value  than  the  surrounding  .reported  heights, 
and  highs  have  higher  reported  heights  thanwie 
surfbunding  Reported  heights  (figure  17).  Label 
high  and  low  systems  on  constant  pressure  charts 
in  the  same  manner  as  on  surface  charts.  An 
"H"  in  blue  denotes  a  high,  and  a  red  "L" 
denotes  a  low.  ,  1 

Fronts.—  Ytfu  can  normally  „  locate  fronts 
on  the  constant  pressure  charts  up  to  and  in- 
cluding the  700-mb  level  from  the  wind  direction, 
temperature,  and  moisture  distribution.  Draw 
fronts  on  the  charts  in  the  same  manner  as 
surface  charts  or  simply  show  them  with  a 
trough  line.  ^  t 

Isotherms.—  Isotherms  are  lines  of  equal 
temperature;  they  are  drawn  for  every  5°  of 
temperature,  beginning  with  any  value  divisible 
by  5.  The  standard  color  for  isotherms  is 
red. 


Analysis  Technique      ^  ^  > 

As  with  the  surface  chart,  constant  pressure 
chart  analysis  should*  consist  of  the  following  four 
steps: 
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Table  2.—  Standard  upper  air  chart  markings. 


Element 

Marking 

; 

 :  * 

Interval  j 

4 

S  Label 

Where 

Units 

Contours 
(isohetghts). 

*  * 

Solid  black  pencil  line. 
vL/asnea  ol*ck  pcncu 
line  f6r  intermediate 
interval. )  , 

60-meter  interval  up 
to  300-mb  level. 
120-meter  interval 

t  at  and  above  300  mb. 

• 

Thousands, 
hundreds, 
and  tens. 

Solid  red  lines 

5*  C 

* 

Degree 
Celsius. 

f — ^ 

Ifibdrosotherras. 

Very  lighl  solid  green 
lines. 

10°  C 

• 

Degree 
Celsius. 

Fronts,  highs,  lows, 
troughs,  and 
ridges. 

Standard  WBAN 
symbols 

In  accordance 
with  WBAN 
requirements. 

Forecast  move- 
rnents. 

S 

Red:  Low  and  trough. 

Blue:  High  and 
t  ridge. 

6  hr  > 

(Bladk) 

At  present 
location, 
pointing  in 
direction  of 
forecast 
movement. 

i 

% 

Past  movement 
(centers). 

%  9  . 

Un  inx. ) 

/ 

At  past 
po&ition. 

• 

Isotachs 

Short  dashed  green 
lines.  * 

20  knots 

At  edges  of 
chart— around 
closed  axes. 

Knots. 

Jetstream 

Thick  solid  purple 
line  with  arrowhead. 

Minimum  wind  speed 
of  50  knots 

Along  axis  of 
maximum  . 
wind  speed. 

• 

Tropopause 

(Black  pencil/) 

Trnerc  uo- 

served. 

Thickness  lines. 

Dashed,  black  lines 

60-meW 

Thousands, 
hundreds, 
and  tens. 

Advectlon  arrows. 

Cold— Blue  arrow. 
*  Warm—Red  arrow. 

At  every  upper  and 
lower  contour  inter- 
section. 

* 

•See  footnote  at  end  of  table. 


Table  2.—  Standard  upper  air  chart  markings  (continued). 


Element 

Marklac 

\  1 
Interval 

Label 

Where 

UniU 

Rise  and  fall  lines.  \ 

Rise-Solid  bm+  pei^U 

UlMS. 

ran— ooiia  reo  peocu 

line*. 

(Connecting  points  of 
equal  rise  or  fill, ) 
Zero— Purple. 

60*  meter 

* 

• 

Meters 

RlM  and  fall  center*. 

✓ 

Same  as  more  merit 
(centers). 

4 

lsopieths.  ; 

NOTE:  Miscellaneous  lsopieths,  such  as  potential  temperature  lines  ortropopause  lsopieths,  may 
be  drawn  in  the  maimer  of  contours  when  they  are  the  primary  features  and  contours  are  not  used 
in  that  particular  analysis. 


1.  Before  accomplishing  anything  else,  re- 
view the  previous  charts  for  the  PAST  HISTORY 
of  the  constant  pressure  surface  in  question. 
As  with  the  surface  analysis,  first  make  any 
corrections  to  the  previous  analysis  that  may 
be  necessary  due  to  late  or  additional  reports. 
Trace  the  pertinent  features  of  this  past  history 
onto  the  chart  Ijeing  analyzed.  In  many  units  the 
past  history  is  traced  to  the  latest  chart  before 
it  ^s  even  plotted,  ' 

2.  Preliminary  analysis.—  Before  actually 
drawing  a  constant  pressure  chart,  first  visually 
survey  the  chart  to  get  the  general  overall 
idea  of  the  windflow  and  height  pattern  Vthat 
exists. 

_  3.  Basic  analysis.—  After  Usually  check- 
ing the  chart  and.  noting  the  general  overall 
idea"  of  the  windflow  and  height  pattern,  you 
may  start  the  actual  analysis. 

First,  sketch  the  contours  lightly.  As  stated 
previously,  contours  nearly  always  parallel  the 
wind  direction.  As  with  isobars,  contours  are 
close  together  when  the  wind  speed  is  strong 
and.  far  apart  when  the  wind  speed  is  weak. 


Next?  sketch  the  fronts  and  trough  lines. 
After  sketching  the-  fronts  and  trough  lines, 
sketch  the  isotherms. 


4.  Final  analysis.—  When  the  basic  analysis 
is  complete,  make  the  final  analysis.  Smooth 
the  contours  and  draw  them  heavily.  Label  all 
contours  with  their  correct  values.  Draw  the 
fronts  and  trough  lines.  Indicate  fronts  m  the 
same  manner  as  on  the  surface  chart.  Indicate 
troughs  as  dashed  brown  lines.  Smooth  the  iso- 
thenris  and  label  each  with  the  representative 

.  temperature  value.  Label  the  high  arid  low  height 
areas. 

A  summary  of  the  recommended  procedure 
for  analyzing  a  constant  pressure  chart  is  as 
follows: 

1.  Study  past  history;  trace  it  on  the  current 
*  chart. 

2.  Sketch  the"  contours  lightly. 

3#*  Sketch  the  fronts  or  troughs, 

-  4.  ^Smooth  the  contours   and  draw  them 
heavily.  Label  all  contours  with  their  correct 
\  values  and  in  the  correct  manner. 

5.  Draw  the  fronts  or  troughs  heavily. 

6.  Sketch  the  isotherms. 

7.  Draw  the  isotherms  heavily  and  label 
them  correctly. 

.  8.    Label  the  high  and  low  .height  areas. 
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WINDS  ALOFT  CHARTS 


GENERAL 


A  complete  and  properly  plotted  series  of 
wjnds  aloft  charts  is  extremely  valuable  to  the 
flight  forecaster.  The  current  wind  direction 
and  speed  for  most  flight  levels  and  routes  are 
available  at  a  glance. 


At  stations  in  the  United  States,  winds  aloft" 

charts  may  be  received  over  the  facsimile 

circuit.  At  weather  units  where  this  service  is 

not  available  or  when  additional  levels  *  are 

required,  winds  aloft  charts  are  plotted  using 

upper  wind  data  received  by  teletype, 
t 

The  wind  direction  is  entered  to  the  nearest 
tens  of  degrees,  and  the  wind  speed  is  repre- 
sented by  wind  barbs.  One  small  barb  represents 
5  knots;  each  long  barb  represents  10  knots; 
50  knots  are  shown  by  a  pennant  at  the  end  of 
the  wind  shaft.    Examples  of  various  plotted 

are  as 


station  models  on 
follows: 

winds  aloft 

charts 

330  degrees 

—     5  knots 

\ 

4 

040  degrees 

—    15  knots 

080  degrees 

—    40  knots 

8 

120  degrees 

—    50  knots 

230  degrees 

—  115  knots 

V5  .. 

THE  AROWAGRAM  * 

In  making  short-range  weather  forecasts,  it 
is  of  primary  importance  for  you  to  be  able  to 
correctly  predict  the  presence  of  fog,  low  cloudi- 
ness, the  height  of  the  freezing  level,  icing, 
turbulence,  the  possibility  of  thunderstormSr- 
height  of  clouds,  fhickness  of  cloud  layers,  max- 
imum and  minimum  temperatures,  and  stability 
indexes. 

.In  order  to  make  the  correct  predictions 
and  to  be  able  typse  the  information  gathered 
by.  upper  air  observations,'  you  need  some  sort 
of  thermodynamic  worksheet.  The  AROWAGRAM 
is  just  such  a  Worksheet.  It  was  developed 'in 
the  late  1950's  during  project  £ROWA,  which 
stands  for  A-pplied  R-esearch  in  O-perational 
W-eather  A-nalysis. 


On  the   AROWAGRAM   are  found  five  (5) 
lines.  One  is  vertical,  two  are  curved,  and  two 
(  are  slanted.  An  explanation  of  these  lines  is 
1  as  follows. 

Isobars 

Isobars  are  the  curved  horizontal  grefen 
lines.  These  lines  of  constant  pressure  have 
a  range  of  1050  millibars  to  200  millibars  on 
the  main  form  and  up  to  10  millibars  on  the 
right-hand  comer  inset. 

Dry  Adiabats 

Dry  adiabats  are  the  slanting  green  lines 
running  from  the  lower  right  to  the  upper  left 
side  of  the  chart.  They  have  a  range  of  plus 
50  degrees  Celsius  to  minus  80  degrees  and  are 
labeled  from  the  lower  left  to  the  upper  right 
with  the  temperature  at  which  they  intersect 
the  1000-millibar  isobar.  They  represent  lines  of 
constant*  potential  temperature  and  indicate  a 
lapse  rate  of  1  degree  Celsius  per  100  meters 
(the  dry  adiabatic  lapse  rate).  Any  temperature 
lines  drawn  that  are  parallel  to  these  lines  are 
equal  to  the  dry  adiabatic  laps^rate. 

Saturation  Adiabats 

Saturation  adiabats  are  the  semi-curved 
black  lines  which  extend  upward  from  the  bottom 
of  the  chart  and  curve  to  the  left.  They  are 
drawn  for  even  values  of  temperature  from  minus 
20  degrees  Celsius  to  plus  40  degrees.  They 
are  labeled  just  below  the  500-mb  isobar  with 
the  temperature  at  which  they  intersect  the 
1000-mb  isobar.  They  indicate  a  lapsfe  rate  of 
.55  degrees  Celsius  per-  100  meters  (moist 
adiabatic  lapse  rate)  and  in  the  upper  levels 
approach  the  dry  rate. 

Mixing  Ratio  Lines* 


Mixing  ratio  lines  are  the  light  black  lines 
which  are  slanted  slightly  to  the  left  of  the 
vertical.  The  values  of  these  lines  vary  in  a 
range  of  48  gms/kg  to  .01  gms/kg  with  saturation 
in  respect  to  water  and,  at  temperatures  lower 
than  -40°  C,  in  respect  to  ice.  Mixing  ratio  is 
another  means  of  expressing  relative  humidity; 
however,  the  .relative  humidity  is  expressed  in 
^gms/kg,  which  is  parts  per  thousand,  instead 
of  in  percent,     which  is>  parts  per  hundred. 
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SOUNDING  NO.  1 


JFK.  .  . 

SKIP  OR  STnTICN 


7V  \ 


LATITUDE 

LONGITUDE 

TIHS  (GCT) 

DATE  (GCTJ 

SOUNDING  NO. 

2 

Nlkl 

vy8'  • 

SHIP  OR  STATION 

51SM  5*i< 

L..HTUDE 

LONGITUDE 

/goo 

time-(gct; 

DATS  (GCT  J 

Figure  18.—  Sample  Sounding  bloclis. 


Isotherms 


Isotherms  are  the  vertical  green  lines. 
They  are  lines  of  equal  temperature  and  ,are 
labeled  from  left  to  right  with  a  range  of  minus 
SO  degrees  Celsius  to  plus  50  degrees. 


PLOTTING  THE  AROWAGRAM. 

When  plotting  the  AROWAGRAM,  the  first 
step  is  to  complete  the  station  identifier  block 
wi^th  the  station  name  and  your  name.  Next 
fill  in  the  block  for  the  sounding  that  you  are 
plotting.  This  is  the  block  labeled  Sounding 
*  No.  1.  From  time  to  time,  two  soundings  will 
be  plotted  on  the  same  chart,  so  it  is  important 
that  you  fill ,  out  the  correct  block,  correctly. 
Figure  18  gives  two  examples  showing?  how  to 
fill  out  both  a  land  station  report  and  a  ship 
report. 


Plotting  Mandatory  Levels  * 

*> 

After  receiving  the  coded  radiosonde  mes- 
sage, decode  the  mandatory  levels  and  plot 
them  as  described  below.  [See  figure  19.) 

Plot  the  dry- bulb  temperature  on  the  isobar 
representing  the  mandatory  level  ^where  the 
isobar  intersect^  the  isotherm  for  that  particular 
temperature.  Plot  this  temperature  by  putting  a 
dot  with  a  circle  around  it,  ^ 

Plot  the  dew-point  temperature  on  the  sam£ 
isobar  where  you  plotted  the  dry-bulb  tempera- 
ture. ,  Plot  this  by  putting  a  dot  with  a  triangle 
around  it.  Find  the  dew  point  by  algebraically 
subtracting  the  depression  from  the  dry^hulb. 
temperature.  The  dew  point  will  always  be  the 
same  or  LOWER  than  the  dry-bulb  temperature— 
never  higher. 

Write  the  actual  height  of  the  mandatory 
level,  In  meters;  in  the  right-hand  margin  of 
the  chart  next  to  the  isobar  representing  that 
level.  Remember,  for  the  850-mb  level  you  must 
pVecede  the  actual  height  with  a  "1,"  and  for 
the  700-mb  level  you  must  precede  the  actual 
height  with  a  "2"  or  a  "Z.»  For  the  500-mb  . 
level,  put  a  zero  after  the  actual  height. 

Plot  the  wind  of  the  mandatory  level  using 
the  same  technique  that  you  ufced  for  the  upper 
air  chart.  Plot  the  wind  on  the  45*  isotherm  for  * 
each  mandatory  level.  At  400  millibars  and  up, 
'use  the  0^  isotherm.  % 


( 


Plptting  Significant  Levels 


Decode  the  significant  levels  from  the  coded 
message  and  starting  with  the  surface  level, 
plot  the  dry-bulb  temperature  for  each  signifi- 
cant level  where  the  isobaV  for  that  pressure 
and  the.  isotherm  for  that  temperature  intersect. 
(See  figure  19.)  Plot  this  element  with  a  dot  and 
a  circle  around  it.  Then,  after  plotting  the , 
temperature,  plot  the  dew  point  on  the  same 
pressure  line.  Obtain  the  dew  point  in  the  same 
manner  as  you  found  it  when  plotting  the  mandatory 
levels.  Plot  it  with  a  dot  surrounded  with  a 
triangle,  *  "  f 


V 


Plotting  Curves 


Plotting  curves  involves  drawing  the  dry- 
bulb  temperature  and  dew-pflint  curves  in  the/ 
manner  described  below.  (See  figure  19.) 
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Figure  19.  -  A  sample  plotted  ABO  WAG  RAM. 


DP  T 

Figura  20,—  A  motorboating  plot. 
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Starting  at  the  SURFACE  plotted  dry-bulb 
temperature,  move  upward  and  connect  each 
plotted  "temperature  with  a  solid  line  through 
each  point.  Label  both  the. top  and  »the  bottom 
of  this  line  with  a  *yi\" 

Starting  at  the  SURFACE  plotted  dew  point, 
move  upward  and  connect  each  plotted  dew  point 
with  a  dashed  line  through  each  poi#t*  Label 
both  the  top  and  bottom  of  this  line  with  "DP." 
When  the  dew-point  depression  fb  aentyOut  as 
slants  (//),  it  is  considered  \p  be  motoaboatlng 
(i,e,'too  low  to  be  measured/  In  this  case,  con- 
nect the  last  plotted  dew^pojint  to  the  Yirst  one 
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that  cbraes  back.  Connect  these  two  points  with  a 
wavy  jfae  and  label  the  middle  of  this  stratum 
with  a  laTge  "MB."  (See  figure  20.) 

'  -  ^In  the  case  6f  a  missing  data  stratum  (both 
the  temperature  and  dew-point  depression  are 
coded  as  slants)  *draw  the  temperature  line 
p^rough  the 'stratum  as  a  dashed  line  ancfmark  a 
&4arge  "M"  in  the  center  along  the  dashed  line. 
There  is  no  line  drawn  through  the  dew  point 
stratum;  instead  place  a  large  ""M"  inthecenter. 

Plotting  the  Height  .  i 
(PA  or  Pressure' Altitude) 

Beginning  at  the  40*  isotherm,  write  a  zero 
under  the  number  40  (along  the  bottom).  (See 
figure  19.)  This  is  considered^ to  be  the  surface. 
Next,  under  the  30°  isotherm/ write  5000/1500; 
i  under  the  20*  isotherm,  write  10000/3000;  under 
the  10°  isotherm,  write  13000/4500;  under  the 
0°  isotherm,  write  20000/6000;  under  the  -10° 
isotherm,  write  25000/7500;  and  under  the  -20° 
isotherm,  write  30000/9000.  TJhus,  you  have 
constructed  a  height  scale  where  each  io  degrees 
is  equal  to  5000  feet  or  15ti0  meters.  Each  single 
degree  is  equal  to  500  feet  or  150  meters. 

Tak»  the  actual  height  that  you  have  written 
in  the  margin  for  1000  millibars  and  plot  it  on 
the  1000-mb  line  in  relation  to  the  scale  you 
have  just  constructed.  A  height  of  150  would 
be  plotted  at  39  degree?.  Plot  this  height  with 
a  dot  and  a  square  around  it.  Do  the  same  with 
each  mandatory  level  up  to  and  including  the  * 
400-mb  level.  (For  example,  the  850-mb  height 
of  1500  meters  is  plotted  on  the  850  line  at  the 
30-degree  isotherm*)  Take  a  straight  edge'  and 
connect  each  point  with  a  straight  line.  Label 
the  top  and  the  bottom,  which  is  whe^re  the  40- 
degree  isotherm  intersects  the  surface  pressure, 
with  a  large  "PA." 

If  'the  surface  pressure  is  less  than  1000 
millibars,  the  PA  curve  will 'start  at  the  40- 
degree  isotherm  at  the  surface  pressure/and  the 
height  of  the  1000-mb  level  will  be  a  theoretical 
value-BELOW  the  surface. 

When  drawn,  the  PA  curve  will  always  be 
a  straight  line  with  *a  slight  tendency  to  lean  to 
the  left  with  increasing  altitude.  If  the  PA  curve 
does  not  conform  to  the  foregoing,  recheck  all  of 
your  computations,  because  an  error  in  plotting 
has  probably  occurred." 


Plotting  in  the  Rightyfend  Inset  * 


r 


The  ARdW^GRAM  is  normally  plotted  yp 
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to  and  includingUhe  400-millibar  level.  If  it  g 
is  necessary  to  plot  levels  above  200  millibars,  ' 
use  the  inset.  This  will  happen  with  extremely 
high   altitude'  operations   (above  40,000  ,feet). 

ANALYZING  THE  AROWAGRAM  / 

After   an  AROWAGRAM  has  been  plotted, 
it  is  ready  to  be  analyzed.  The  following  para- 
graphs describe  only  a  few  of  the  ma^y  typesA 
of  information  to  be  obtained  from  analysis  ofT 
an  AROWAGRAM. 


Freezing  Level, 

The  freezing  level  is  the  easiest  information 
to  determine  during  analysis.  Find  the  freezing 
level  by  drawing  a-  short  horizontal  line  at  the 
intersection  of  the  temperature  curve  and  the 
0°  isotherm.  Label  tlys  linV"FRZ  LVL." 

Next,  move  across  the  chart  to  the  right,- 
and  at  the  same  pressure  determine  the  height 
of  the  freezing  level  from  the  scale  constructed 
along  the  bottom.  F4*r  example,  lf.the  tempera- 
ture curve  crosses  the  0°  isotherm  at  exactly 
700  millibars  and  if  the  PA  curve  crosses  700 
millibars  at  exactly  the  20°  isotherm,  the  height 
of  the  freezing  level  is  10,000  feet  or  3,000 
meters,  according  tp  the  scale  at  the  bottom. 

Convective  Condensation  Level  (CCL) 

Another  type  of  information  that  you  can 
obtain  during  analysis  is  the  convective  condensa- 
tion level.  This  is  the  level  at  which  any  clouds 
formed  by  convective  heating  will  have  their 
bases* 

The  first  step  in  determining  the  convective 
condensation  level  is  to  determine  the  average  ^ 
mixing"  ratio,  which  you  can  determine  in  one 
of  the  following  ways:  ^ 

1.  If  the  lapse  rate  is  normal,  average 
the  plotted  DEW  POINTS  for  the  first  100  milli- 
bars ,  of  the  sounding  in  relation  to  the  mixing 
ratio  lines. 

2.  If  an  inversion  is  present,  average 
the  plotted  dew  polks  for  the  first  100  millibars 
of.  the  sounding  or  to  the  base  of  the  inversion,, 
whichever  is  LOWER, 
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Figure  21.—  Determining  CCL  and  LCL. 


3t  If  there  is  a  surface-based  inversion, 
use  the  surface  dew  point  in  relation  to  the 
mixing  ratio  lines  as  the  average  mixjng  ratio. 

4,  If  there  is  NOT  a  dew  point  exactly 
100  millibars  above  the  surface,  put  one  there 
and  use  it  in  averaging  the  dew  points. 

This  is .  the  average  mixing,  ratio  for  the 
entire  sounding. 


The  next  procedure  is  to  use  the  value  of 
the  average  mixing  ratio  and  draw  upward  a  line 
parallel  to  the  mixing  ratiq  lines  until-  the  line 
crosses  the  temperature  curve.  (You  are  actually1 
drawing  in  the  average  mixing  ratio,)  The  point 
where  the  line  crosses  the  temperature  curve 
is  the  point  called  the  convective  condensation 
level.  Draw  a  short  horizontal  line  at  this  point 
and  label  it  "CCL."  (See  figure  21.) 
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In  order  to  determine  the.  height  of  the 
convectiye  condensation  levelt  move  across  the 
AROWAGRAM  to  the  PA  curve  and  determine 
*  *  the  height  from  the  scale  at  the  bottom. 

Lifting  Condensation  Level  <LCL) 

The  lifting  condensation  level  \s  the  level 
'  at  which  any  clouds  formed  by  mechanical  lift- 
ing will  have  their  bases,  *You  determine  this 
level  and  its  height  in  a  manner  very  similar 
to  tfie  way  you  determined  the  convective  con- 
densation level. 

First,  from  the  plotted  surface  temperature, 
draw  a  line  parallel  to  the  nearest  DRY  ADIABAT 
fipward  until  it  intersects  the  average  mixing 
ratio  line  {the  line  you  just  drew),  (See  figure 
21.)  Draw  a  s,hort  horizontal  line  where  these 
two  lines  intersect  and  label  it  "LCL."  Then, 
-—move  across  to  -the.  PA  curve  and  determine 
tne  height  in  the  manner  described  above.  This 
jls  the  height  of  the  lifting  condensation  level. 


^Stability 

In  order  to  ascertain  the  stability  of  an  air 
mass,  determine  positive  and  negative  areas. 
To  determine  positive  and  negative  areas,  use 
the  mechanical  lifting  method  or,  the  convective 
lifting  method.  Only  one  method  need  be  used. 
If  mechanical  lifting  is  expected,  use  the  mechan- 
ical lifting  method,  but  if  convective  lifting  is 
expected  follow  the  convective  lifting  method. 
The  methods  are  described  below. 

Mechanical  Lifting.—  To  determine  positive 
areas  for  mechanical  lifting,  trace  a  ^ine  from 
the  LCL  parallel  to  the  nearest  moist  atfabat 
upward  to  the  top.  of  the  chart.  Positive  areas 
are  all  areas  that  are  to  the  right  of  the  tem- 
perature curve  and  that  are  bounded  by  the  tem- 
perature curve  and  by  the  moist  adiabat  extended 
upward  from  the  LCL.  They  are  shaded  red. 

0 

To  determine  negative  arpas,  trace  from 
the  LCL  a  line  parallel  to,  the  nearest  moist 
adiabat  upward  to  the  top  of  the  chart.  From  the 
surface  temperature,  trace  a  line  upward  parallel 
to  the  nearest  dry  adiabat  until  the  line  inter- 
sects the  average  mixing  ratio  line  at  the  LCL- 
Negative  areas  are  all  areas  that  are  to  the  left 
of  the  temperature  curve  and  that  are  bounded 
by  the  temperature  curve  and  by  the  moist 
adiabat  extended  from  the   LCL  ancj  the  dry 


adiabat  extended  from  the  surface  temperature, 
(See  figure  22,)  They  are  shaded  blue. 

Convective  Lifting.-  To  determine  positive 
areas  for  convective  lifting,  trace  a  line  from 
the  CCL  parallel  to  the  nearest  moist  adiabat 
upward  to  the  top  of  the  chart.  Positive  areas 
are  all  areas  that  are  to  .the  rightof  the  tempera- 
ture curve  and  that  are  bounded  by  the  temperature 
curve  and  by  the  moist  adiabat  extended  upward 
from  the  CCL.  (See  figure  23.)  They  are  shaded 
red. 

To  determine  negative  areas,  draw  a  line 
from  the  CCL  parallel  to  the  nearest  dry  adiabat 
DOWNWARD  to  the  surface  pressure  iine.  Draw 
in  the  surface  pressure  line  connecting  the 
temperature  curve  and  the  projected  dry  adiabat. 
The  area  in  the  triangle  thus  formed,  is  a 
negative   area.   (See  figure  23.)  It  is  shaded 

blue.j^  / 

If  the  area  covered  by  positive  areas  (shaded 
red)  is  greater  than  the  area  covered  by  negative 
areas  (shaded  blue),  the  air  mass  is  stable  and 
thunderstorms,  turbulence,  etc.  are  probable. 
Note  that  the  size  of  the  areas  is  considered— 
not  how  many  areas  are  present. 

Stability  Index.-  The  stability  index  is  a 
numerical  value  that  is  assigned  to  the  atmos- 
phere and  that  can  be  applied  to  various  equations 
and  formulae  in  determining  thunderstorm  activ- 
ity. (We  will  not  go  into  any  of  the  formulae 
involved.)  This  numerical  value  enables  you  to  tell 
at  a  glance  whether  the  atmosphere  is  stable  or 
unstable  and  to  what  degree  the  atmosphere"  is 
stable  or  unstable.  The  stability  index  is  normally 
included  at  the  end  of  the  coded  message,  but  you 
may  be  called  on  to  compute  it. 

The  first  step  in  computing  the  stability 
index  is  to  trace  a-  line  from  the  temperature 
at  the  850  millibar  surface  upward  parallel  to 
the  nearest  dry  adiabat  until  you  reach  the  mix- 
ing ratio  value  of  the  850-millibar  level.  From 
this  point,  trace  a  line  upward  parallel  to  the 
nearest  moist  adiabat  to  the  500-niillibar  level. 
Find  the  numerical  value  of  the  difference  be- 
tween the  temperature  of  this  line  and  the 
ACTUAL  temperature  at  the  500-millibar  level. 
This  is  the  stability  index. 

Next,  you  must  determine  whether  the  sta- 
bility index  is  a  positive  or  va  negative-  number. 
If  the  ACTUAL  temperature  is  higher  (WARMER) 
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Figure  22  -  AHOWAGRAM  analyzed  for  mechanical  lifting.  Kfotice  that  there 
are  no  positive  areas  on  this  AROWAGKAM. 
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♦Figure  24.— •  Radiosonde  Message  from  which 
figures  22  and  23  ^wfeje*  plotted  and  analyzed  ' 

than  lhe»  temperature  of  the  line  tha£  you  drew, 
the  value  is* positive  afod  the  air  mass  is  stable/ 
If  the  ACTUAL  temperature  is  colder  (LOWER) 
than  the  temperature  of  the  line  you  drew,  the 
value  ts  negative  and  the  air  mass  is  unstable! 


The  higher  the  numerical  value,  the 'greater 
the  degree  of  stability  or  instability,  cjependiftg 
on  the.sign.  *f 

COMMUNICATIONS  SYSTEMS 
COMMUNICATIONS  NETWORK  |j' 

After  weather  observations  have  been  taken** 
and  entered  on  the  appropriate  forms,  they  must 
be  transmitted  to  other  shigs  and  stations.  The 
rapid  communication  of  weather  information  is 
imperative  for  reliable  forecasting,  as  the  weath- 
er is  often  a  rapidly  changing  condition.  The 
weather  services  use  two  means  of  transmis- 
sion: landline  and  radio. 

t  Landline  is  a  network  used  for  transmitting  , 

data  directly  over  fixed  wire  circuits  from 
station  to  station  or  from  a  control  station  to  a* 
group  of  stations/  The  transmission  and  receipt 
of  printed  data  ov$r  landline  circuits  are  apcom- 
plished  by  the  use  of  teletypewriters.  The  trans- 
mission and  receipt  of  charted  data,  such  as 
weather  maps,  over  landline  circuits  are  accom- 
plished by  the  use  of  facsimile  equipment. 

Radio  is  used  to  transmit  and  receive  'data 
where  the  use  of  landline  circuits  is  either 
impracticable  or  impossible.  , Radio  is  the  means' 
by  which  Fleet  Weather  Centrals,  Fleet  Weather 
Facilities,  Fleet  Numerical  Weather  Facilities, 
and  National  Weather  Service  and  FAA  activities 


transmit  data  *  to.  ships  and  overseas  land  sta- 
tion^ and  vice  versa.  Data  are  transmitted 
by  racfio^on^pyedetermined  frequencies  and  at 
predetermined  times. 


*       Printed  data  are  transmitted  and/  received 
either  ■  by -radioteletype  ^or  by  radiotelagraphy. 
ChaEtetf  data  are  transmitted,  and  received  by 
^  *yiio  facsimile.  .  .  *  . 

'  The  communication  facilities  employed  for 

•  the 'transmission  and  reception  of  weather  dafa 
^■pclude  Federal  Aviation  Administration  (FAA)' 
Circuits,  the.  CONUS*  Meteorological  Teletype 
^System,  (COMET),  National  AVeather*Servjcfe  cir- 
cuits* $nd  naval  communications. 

•  ,    %   -  * 
Federal  Aviation  Administration  t  :  ^ 

t  The*  Federal  Aviation  Administration  (FAA) 
is  responsible  'for  establishing,  operating,,  ahd 
.maintaining  comfhuni cations  systems  and  cir- 
cuits required  for  the  collection  and  dissemina-  • 
tion  of  meteorological  information  utilized  by  ■ 
civil^ aviation.  The  ^AA  also  provides  and  oper-  ^ 
ates  a  communications  system  for  the  collection 
and  dissemination  of  meteorological  information 
required  by  the  National  Weather  Service.  The  ' 
National  Weather  Service,  wWch^SSrves  the 
.general  public,  determines  th&3arm  and  content 
of  meteorological  information  to^be  scheduled 
on  the  FAA  fiApd  weather  communications  cir- 
cuits, and  theSxteqt  of  distribution  required. 
The  civil  weather  communications  systems  serv- 
ing the  various  meteorological  agencies 
are  the  FAA  Weathir  Teletype  Services  A,  C, 
and  O.'In  addition^the  National  facsimile  Net- 
work and  the  High  Altitude  Facsimile  Service 
are  under  the  control  of  the  National  Weather 
Service.  * 

*  Service  A#-  The  Federal  Aviation  Adminis- 
tration Service  A  Data  Interchange  Systems 
(ADIS)  circuitry,  operating  afca  standard  speedof 
100  wpm,  consists  of  15  area  circuits,  14  supple- 
mentary circuits,  and  local  circuits  between  ADIS 
Centers,  National  Weather  Service  Flight  Ad- 
visory Weather  Service  (FAWS)  offices,  and  othfcr 
meteorological  offices.  A  transcoritinenUi^x- 
press  "circuit  (857  wpm)  interconnects  these 
circuits  through  the  ADIS  Centers.  Continental 
Naval  Weather  Service  JJnits  normally  have  a 
receive-only  capability  ^drop  on  one  of  the  15 
area  circuits. 
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#  M  Weather  data,  received  from  this  network 

include  hourly,  special,  and  sui>plementary  avia- 
•  tion  weather  reports;  radar  weather  reports  and 
<  .  summaries:  pilot  weather  reports;  notices  to 
•airmen  (Npf^MS)  and  summaries;  winds  and 
temperatures  aloft  forecasts;  aviation  area  fore-  " 
c$sts;  aviation  terminal  forecasts;  severe  weath- 
er forecasts  and  conveqtive  outlook  forecasts; 
abbreviated  hurricane  advi^ori.S;  flight  advi- 
sories; regional  weather  prognosis;  and  surface 
analyses  and  prognoses,  ^  " 

•Service  C—  The  Service  C  system,  operating 
at  100  wpm,  is  composed  of  six  circuits  inter- 
.  connected  by  two  relay  stations  (Denver  and 
Louisville}. '  Naval  weather  units  utilizing  this 
system  may  have  either  send  or  jreceive  capa?  >. 
bilities,  or 'both. 

Weather  -data  received  from  this  network 
.  include  synoptic  surface  reports;  raob,  rawm, 
and  pifcal  reports;  selected  upper  level  data; 
hurricane  bulletins  and  advisories;  upper  air 
fallout  data;  surface  and  upper  air  analyses; 
aviation  terminal  forecasts;  weather  summaries; 
and  ^day* daily  prognoses. 

Service  O,—  The  SerVice  O  system  is  com- 
posed of,  both  domestic  and  overseas  foreign 
fixed  aeronautical  communications  circuits,  in- 
cluding teletype,  *  radiotelegraph,  and  radio- 
teletype.  On  this  system,  certain  weather  units 
have  a  receive-only/capability  drop. 


Data  received  from  this 
hourly  and  surface  synoptic^ 
area  arid  terminal  forecasts; 
pibal  reports^  selected 


fetwork  include 
eafher  reports; 
raob,  rawin,  and 
air  levels  data; 


cloud  information  from  meteorological  satellites; 
surface  and  upper  air  analyses  and  prognoses; 
pilot  yeather  reports;  weather  summaries;  and 
hurricane  bulletins.  Most  of  this  transmitted 
weather  data  is  in  a  coded  format  (e.g*,  FM  51C 
for  terminal  forecasts,  FM  45C  for  analyses 
and  prognoses,  FM  11C  for  synoptic  reports, 
etc.).  These  codes  are  discussed  elsewhere 
in  this  training  course. 


Modernized  A,\  C,  and  O  Communication 
-Systems.—  At  this  writing,  the  FA  A  Communica- 
tions System  is  being  completely  redesigned  and 
modernized.  This  improved  system  will  combine 
all  message  switch  and  relay  functions  of  Ser- 
vices A,  C,  and  O  into  one  major  center.  The 
circuit  control  and  message  switching  functions 


will  be  performed  automatically  by  ah  electronic 
computer  as  a  real-time  (instantaneous)  communr 
'  ications  message  switch.  4 

With  one  major  switching  center,  data  dis- 
tribution procedures  become  more  flexible  and 
data  from  tjie  three  Services  A,  C,  and  O  may 
be  easily  Intermixed  over  a  single  line  when 
desirable  to  do  sjs^. However,  ^collection  func-  . 
tipns  will  continue  to  be  organized  primarily 
in  terms  of  \>and/  C  types  of  data,  as  was 
jusfc  discussed;.         ^  *  * 

National  Veather  Facsimile  Network.—  The' 
National  Facsimile  Network  is  operated  by  the 
National  Weather  Serviee  using  circuits  leased 
from'  Western  Union..  Most  of  the  charts  arg 
prejJareil  and  transmitted  by  the  NationarMeJ«w- 
ological  Center  (KMC)  located'at  Suittanc^/Mary-' 
land.  Other  charts  are  prepared  and  transmitted 
by  the  Weather  Service  'Radar  and  Se^re  Local 
Storm  Units  at  Kansas  City. 

There  is  a  great  variety  of  charts  trans- 
mitted ove^r  this  facsimile  network.  They  include 
both  surface  and  upper  air  analyses  and  prog- 
noses, weather  depiction,  radar  summary,  cloud 
charts,  etc.  We  will  consider  these  charts  in 
detail  later  jn  this  pamphlet. 

High  Altitude  Facsimile  Service.—  The  High 
Altitude  Facsimile  Service  is  under  the  control 
\oi  the,  rational  Weather  Service,-  and  the  trans- 
mission ^>fvdata  is  from  five  Weather  Service 
centers  distributed,  across  the  United 
States',  plus  Montreal,  Quebec.  ^ 

t 

Charts  transmitted  over  this  system  -  are 
high  altitude  data  on  #inds  aloft,  significant 
weather,  etc.,  for  the  purpose  of  providing  fore-  > 
cast  service  for  high  altitude  aircraft  operations. 

CONUS  Meteorological  Teletype 
Systtem  (COMET) 

4 

The  modem,  high  performance  aircraft  used 
in  naval  operations  require  a  myriad  of  nation- 
wide weather  data  to  assure  flight  safety  and 
mission  completion.  The  COMET  System,  aUSAF 
managed  component  of  the  Defense  Communica- 
.  Pons'  System  (DCS),  was  designed  to  meet  this 
requirement. 

The  COMET  System  consists  basically  of 
three  parallel,  eight-circuit  teletype  networks, 
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THE  ADCAD-OWS  SYSTEM 


Figure  25.-  The  ADC AD/OWS.  System. 

and  one  four-circuit  network  operating  at  100 
wpm/  and  radiates  from  the  Weather  Relay 
Center  (WRQ  at  Tinker  AFB,  Oklahoma,  to 
various  contributing  and  receive-only  weather, 
stations  within  the  continental  United  States. 
'  These  four  networks  are  the  Airways  Data 
Collection  and  Dissemination  (ADC AD),  which 
is  termed  COMffT  I;  the  Qperatioijal  Weather 
Support  Sy%ten^  (OWS),  a  duplex  system  which 
is  composed  of  COMET  HA  and  COMET  IIB; 
and  the  SYNQfTIC  Network,  which  is  termed 
COMET  in.  The  sixteen  COMET  I  and  COMET 
IIA  circuits  terminate  at  thefADCAD/OW§  Pib- 
gramer  at  WRC,  Tinker  AFB.  (See  figure  25.) 
This  progj|imer  was  designed  to  accomplish 
numerous  switching  and  control  functions  in  order 
to  receive  the  maximum  circuit  utilization  and 
to  provide  for  an  orderly  exchange  of  weather 
data.  ^ 

\ 

ADC  AD  Network  (COMET  I).-  .COMET  I 
is  used  exclusively  for  the  collection  and  pri- 
mary distribution  of  airways  surface  observa- 
tions. 

Most  naval  weather  units  in  the  continental 
United  States  have  both  a  receive  and  send 
capability  drop  on  COMET  I.  The  unit  is  then 
able  to  transmit  its  hourlies  and  specials  on 
this  network  and  receive  hourlies  and  specials 
from  other  specified  stations. 

OWS  Network  (COMET  HA  and  COMET  IIB). - 
COMET  HA  is  used  for  the  collection  of  all 
CONUS  military  weather  data  other  than  surface 
observations.  This  includes  TAFOR's  PIREP's, 
RARE?»s/  NOTAM's  and  other  miscellaneous 
data.  V* 

COMET  IIB  .is  used  for  the  dissemination 
of  the  various  data  collected  on  COMET  IIA. 


In  addition,  COMET  IIB  and  .COMET  I  are 
electronically  interconnected  for  approximately 
the  first  10  minutes  of  ea<?h  hour.  This  proce- 
dure allows  the  r&pid  dissemination  of  military 
hourlies  to  air  users.  In  this'  manner,  any  sta- 
tion having  COMET  113  and  COMET  I  will  receive 
all  CONUS  military  hourlies  by  ten  minutes  past 
each  hour. 

Naval  Communications  s 

Navy-originated  weather  reports  which  are 
not  entered  on  civil  weather  eircuits,  the  COMET 
system,  or  other  common-user  circuits  ar$ 
transmitted  by  naval  communications.  Weather 
infprmation  prepared  by  the.  Fleet  Wefcther  Cen- 
trals/Facilities is  disseminated  to  ttf  operating 
forces  of  "the  NNavy  by  naval  communications 
through  the*  scheduled  fleet,  general,  and  multi-  . 
purpose  broadcasts.  ~  * 

There  are  several  types  of  broadcasts  made 
-by  major  Navy  radio  stations  which  contain 
weather  information.  In  general,  the  fleet  broad- 
casts disseminate  warnings  of  hazardous  or 
destructive  weather  phenomena,  or  high  seas 
conditions;     for  example,  typhoon/hurricane/ 
storm  warnings.  The  general  broadcasts  dis- 
seminate weather  information,  such  as  storm 
warnings;  area  forecasts;  map  analyses;  surface 
weather  reports;  and  upper  £ir,  upper  wind, 
and  aircraft  reports.  The  fleet  facsimile  broad- 
casts disseminate  weather  analyses  and  prog- 
noses. Multipurpose  broadcasts,  b£  use  of  multi- 
plex techniques,  combin^radioteletypewriter  and 
facsimile  signals'  into  the  same  frequency  for 
simultaneous  transmission  of  both  types  of  infor- 
mation. Such  broadcasts  are  activated  when  there 
is  a  need  for  large  v volumes  of  imw  weather 
data  and  graphical  products.  Requirements  for 
these  weather  broadcasts  are  determined  by 
Fleet  and   Force  Commanders  and  approved 
by  the  Chief  of  Naval  Operations.  Each  designated 
weather  activity,  by  careful  selection  and  editing, 
then  establishes  the  specific  content  of  the  broad- 
cast deemed  necessary  to  provide  maximum 
weather  information  to  the  operating  forces 
within  its  area  of  responsibility.  Frequencies 
and  schedules  of  these  broadcasts  are  contained 
in  JANAP  195  and  in  N.O,  Pub.  No.  118. 

COMMUNICATIONS  MANUALS 

To  ensure  the  propefr  utilization  of  all 
available  communication  facilities,  you  should 
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be  familiar  with  the^followi»g  publications  and 
manuals. 

Federal  Ration  Administration  ^ 

Service  A  Weather  Schedules.—  The "  FA  A 
^^publication  7330.5  (  )  contains  detailed  operating 
instructions  and  distribution  schethtles  for  the 
dissemination  of  meteorological  and  NOTAM 
information  on  the  FAA  Service  A  JData  Inter- 
change* System  (ADIS).  This  publication  also 
contains  k  a«  complete  description  of  all  data 
transmitted  on  this  system. 

Service  C  Weather  Schedules.—  This  publica- 
tion, ATP  7330.3(  ),  contains  detailed  operating 
fc  arrangements  for  the  distribution  of  meteoro- 
logical information  on  the  Service  C  communi- 
cations system. 

Service  O  International  Weather  Schedules.— 
The  publication  ATP  7330. 4(  )  contains  detailed 
operational  weather  scheduling  arrangements  for 
the  distribution  of  .synoptic  and  operational 
meteorological  information  over  the  Service  O 
network  to  serve  the  specific  requirements  of 
international  aja^tion. 

'CONUS  Meteorological 
Teletype  System  (COMET) 


V 


Ain  Force  Communications  Service  Man- 
uals.— AFCSM  105-2^  Volumes  I  and  II,  provides 
instruction  and  general  procedural  policy  for 
the  collection  and  distribution  of  weather  data 
via  USAF  and/or  Defense  Communications  Sys- 
tem (DCS)  weather  communications  networks  and 
associated  facilities.  These  procedures  apply  to 
all  personnel  responsible  for  the  preparation 
of  weather  messages  transmitted  on  the  COMET 
System. 

Air  Weather  Service  Manual  105-2.—  Volume 
II  of  AWSM  105^describes  meteorol6gical  mes- 
sages (teletype  and  facsimile)  which  are  availably 
on  CONUS  USAF  weather  communications  sys- 
tems. ' 

Operating  Instructions  ADCAD-OWS  Weather 
System  Manual.—  This  manual,  was  prepared  by 
the  American  Telephone  and  Telegraph  Company 
to  be  used  by  weather  units  utilizing  the  COMET 
System.  This  manual  contains  a  description  of 
the  COMET  System"  concept,  procedures  for 
weather   data    transmission,      and  operating 


for  the  transmitting  and  receiving 


procedures 
equipment. 

Nayy  Radio  Weather  Aids 

The  basic  naval  publications  currently  in  use 
that  contain  the  necessary  information  for  the 
reception  of  weather  information  by  radio  are 
listed  below.  * 

NWP  16.-  Chapter  7  of  NWP  16  contains 
instructions  concerning  requirements  for  trans- 
mission and  receipt  of  weather  information  and 
lists*  those  Fleet  Weather  Centrals/Facilities 
which  prepare  regularly  scheduled  weather  broad- 
casts. 

JAJNAP  195.—  This  publication  lists  fre- 
quencies and  schedules  of  all  Navy  broadcasts 
whjch  carry  weather  information.  ^ 

N.O.  Publication  No.  118.—  This  publication 
contains  detailed  information  concerning  contents, 
schedules,  and  frequencies  of  worldwide  civil 
and  military  broadcasts.  Contents  of  weather  por- 
tions of  Navy  general  and  fleet  facsimile  broad- 
casts are  listed  in  this  publication.  *The  primary 
purpose  of  this  publication  is  to  furnish  detailed 
information  to  operating  units  afloat  on  those 
weather  broadcasts  which  contain  storm  warn- 
.  ings,  forecasts,  map  analyses  and  prognoses, 
and  collections  of  weather  reports  for  specific 
geographical  areas.  N.O.  118  also  contains  infor- 
mation on  all  weather  reporting  codes. 

TELETYPE  WEATHER  MESSAGES 

As  you  have  just  learned,  many  different 
kinds  of  weather  messages  are  transmitted  over 
the  Weather  Teletype  Services  A  and  C.  These 
circuits  are  designed  primarily  for  aviation  uses, 
but  they  are  an  invaluable  source  of  weather 
information  to  you  as  a  Marine  Science  Tech- 
nician wherever  your  duty  station. 

You  have  already  learned  the  format  and 
breakdown  of  surface  synoptic  reports  and  upper 
air  reports.  To  continue  our  discussion  of  these 
topics,  let  us  now  consider  the  use  and  break- 
down of  the  most  commonly  used  weather  mes- 
sages? various  weather  message'  headings,  and 
contractions.  , 

PLOTTING  THE  AIRWAYS  CODE  ^ 

When  bad  or  hazardous  weather  is  approach- 
ing the  station,  it  often  becomes  necessary  to 
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(A) 


\  Cm 

"Or 


(I) 


app 


Figurer  26.—  (A)  Station  model  for  plotting  air* 
ways  reports;  (B)  plotted  airways  station  modef. 

supplement  the  6- hourly  synoptic  map  with  3- 
hourly  airways  maps,.  These  may  be  either  a 
regular  synoptic  type  chart  or  a  sectiofcal  chart. 
At  times  it  may  even  be  necessary  Yto  enter 
hourly  airways  maps*  Over  a  limited  area  these 
charts  give  detailed  analyses  of.  the  relation  of 
pressure  systems,  fronts,  temperature,  and  hu- 
midity to-  operationally  significant  weather  ele- 
ments. Th^se  maps  also  enable  the  forecaster 
to  keep  a  "weather  eye"  on  the,situation  and«> 
note  any  sudden  or  unusual  changes  which<=are 
occurring. 


The  airways' (aviation)  code  is  probably  the 

most  familiar  of  all  weather  codes*  It  is  used 

riot*  only  when  weather  reports  are  made,  but 

can  be  used  to  plot  airways  charts  and  to  fill 

in  areas  of'  sparse  or  little  data  on  s^noptitf 

. »  charts. 
* 

Since  the  airways  maps,  when  plotted,' are 
subject  to  careful  scrutiny,  it  is  imperative  that 
$tiey  be  entered  both  rapidly  and  accurately. 
The  size,  type,  antf  scale  of  the  map,  and  the 
*  amount  of  data  to  be  plotted  are  governed  by 

local  requirements* 

The  arrangement  of  data  around  the  station 
circle  is  essentially  the  same  as  for  the  land 
synoptic  code  plotting  model.  Figure  26A  and  B 
shows  a  typical  station  mod^L  and  a  plotted 
•model  used  for  plotting  the  3- hourly  airways  code 
data. 

The  entries  made  on  this  chart  are  as 
follows: 

s  Airways   symbol  representing  the 

greatest  sky  cover. 
*  V  Actual  visibility. 

WAQ         Weather  and  obstructions  to  vision. 

Enter,  using  synoptic  symbols. 
Use  combinations  and  intensity 
symbols.  Intermittent  precipita- 
tion is  show^in  remarks. 


'/  dd 


PPP 
TT 
T<jTd 


ff 


/ 


app 


icLcMcH 


Enter  as  given. 
Enter  as  given. 
Enter  as  given. 

Same  as  synoptic  entry  (G  or  Q 
may  be  placed  at  the  end  of  the 
shaft  to  indicate  gusts  or  squalls, 
►  and  the  maximum  wind  inthegusts 
or  squalls  may  also  be  placed  at 
the  end  of  the  shaft). 

Same  as  the , synoptic  entry  (see 
dd   note  £?r  additional  entries). 

Entered  the  same  as  6-hourly  syn- 
optic reports. 

Enter  the  symbol  representing  the 
type  of  low,'  middle,   and  high 

'clouds.  Directly  below  the  low 
and  middle  clouds  enter  the  height 
(h)  of  these  clouds. using  the  stand- 
ard procedure  for  entry  of  cloud 
heights.  (Use  height  of  lowest  mid- 
dle or  low  clouds  when  'there 

-  is  more  than  one  layer.) 


The  altimeter  setting  is  not  entered.  Re- 
marks, as  appropriate*  should  be  entered.  See 
figures  27  and  28  for  a  breakdown  of  the  aviation 
code. 

WEATHER  RADAR  REPORTS 
Detection 

Weather  radar  is  used  primarily  for  detect- 
ing and  tracking  severe  storms  such  as  thunder- 
storms, tornadoes,  and  hurricanes.  Weather  Serv- 
ice and  military  weather  radar  equipment  is 
adjusted  to  a  wavelength  that  gives*  the  best 
return  signal  (echo)  from  water  droplets  and 
other  precipitation  particles.  As  a  comparison, 
air  surveillance  radar  employs  a  wave  length 
which  minimizes  the  echo  from  small  water 
drops  and  polarizing  devices  that  minimize  echoes 
from  the  larger  water  drops. 

*  . 

A  storm  does  not  produce  a  radar  signal* 
Instead,  water  drops  or  ice  particles  produce 
"echoes"  on  the  radar  scope.  The  size  and' 
number  of  drops  as  well  as  the  distance  of  the 
drops  from  the  antenna  affect  the  strength  of 
the  echo.  The  radar  meteorologist  evaluates 
the  strength  of  echoes  to  determine  intensity. 
He  correlates  the  radar  presentation  with  sur<* 
face  reports,  pilot  reports,  and  many  other 
types  of  meteorological  data  as  part  of  his 
^valuation.  Echoes  classified  as  "heavy"  or  "very 


30 


ERLC 


680 


8 


. ,  If  the  report  is  more  than  20  minutes/old,  the  time  (GMT)  precedes  the  entry 


REMARKS-  Visibility 
variable  between  1/2 
and  1-  mile. 

REMARKS.  Ceiling 
variable  between  900 
to  1200  feet. 


us.  DCPAfrmtNT-or  commerce 

cxvtuoNworrAL  uxcxx  unvtcu  ao**in«t*atk>*« 
wcatmcm  •uhcau 
tuvcu  iphhh,  mo*  mm 


DECODING  AVIATION  WEATHER  REPORTTS 
Based  on  Instructions  in  Federal  Meteorological  Handbook 
*.  No.  1.  Surface  Observations 


STANDARD  AVIATION  REPORT  FORMAT  FOR 

   MANNED  STATIONS   

BASES  AND  TOPS  OF  CLOUDS  Tops  broken faver  2^00  ft.  msl.  Height  of  bases  nbt 
visible  at  the  station  precede  sky  cover  symhql^/U"  indicates  layer  amount  unknown. 


REMAftKS.  Fog  and  Smoke  hiding  3/10  of  sky. 


RUNWAY  VISUAL  RANGE.  Runway  10L.  Visual  Range  variable  between  2600  and 
5500  ft.  in  past  10  minutes.  When  visual  range  is  constant  for  past  10  minutes,  only 
the  constant  value  is  reported,  e.g..  R10LVR60*. 


ALTIMETER  SETTING:  29.57  inches.  Three  figures,  representing  units,  tenths  and 
hundredths  of  inches,  indicate  the  altfmetcr  setting.  "Low"  n  used  preceding  figures 
tp  indicate  values  below  29.00  inches. 


WlND:T70*  true,  13  kts.  Todecode  direction,  multiply  first  2  digits  by  10.  If  Droduct 
is=>500.  subtract  500  and  add  100  to  speed.  Gusts  and  squalls  are  indicated  oy  "G" 
or  "Q"  following  speed  and  peak  speed  following  the  letter*.  


TEMPER/^URE:  66*F,  A  minui  ,l*n  in6lC*Xe*  tem**ratu™"  belowiero. 


SEA  LEVEL  PRESSURE.  1014.6  millibars.  Only  the  tens,  units  and  tenths  digits 
are.  reported.  .  .  ;  


WEATHER  AND  OBSTRUCTIONS  TO  VISION:  Light  Drizzle.  Fog  b  Smoke.  Symbols 
used  in  reporting  weather  and  obstructions  to  vision  are  in  Table  1.  Algebraic  signs 
(Table  U  following  symbols  indicate  intensity. 


'PREVAILING  VISIBILITY:  Seven  eighths  statute  mile  and  variable  by  the  amount 
L  ~    iven  in  REMARKS.      *     '  •  


V 


SKY  It  CEIL1?I6^  Partl>  obscured  sk> ,  ceiling  measured  U00  ft.,  variable  broken, 
3800  ft.  overcast.  Figures  are  height  of  each  layer,  in  100s  of  feet  above-ground.  A 
number  preceding  an  X  indicates  vertical  yisibihty  into  phenomena.  A  "V"  indicates 


height  varying  by  amount  given  in  KEMARKS.  Symbol  after  height  is  amount  oi  sk>- 
coyr  (Table  2).  The  letter  preceding  height  indicates  that  height  to  be  the. ceiling  an<^ 
thfcmethod  used  to  determine  the  height  (Table  3). 


TYPE  OF  REPORTER"  omitted  wnen  observation  is  in^hourly  segucm 


STATION  IDENTIFICATION/  Identifies  report  for  Pittsburgh  by  using  FA  A 
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NOTE:  Tables  1.  2,  and  3  are  listed  in  hgur 


Figure  27.—  Decoding  Aviation  Weather  Reports. 


heavj"  in  intensity  usually  indicate  a  storm 
with' severe  or  extreme  turbulence,  hail,  and 
heavy  icing  conditions.,  Echoes  of  "light"  or 
"very  light"  intensity  may  indicate  snow,  light 
rain,  or  drizzle. 

%'  * 

Types  of  Reports 

4 

Weather  radar  reports  are  distributed  to 
the  tfsers  in  two  forms.  One  form,  identified  as 
"SD,M  is  an  individual  report  while  the  other 


formi  identified  as  "SD-1,"  is  a  composite  sum- 
mary of  all  individual  reports  in  the  United 
States.  '  . 

Individual  Weather  Radar  Report.—  *J*dgr 
reports  originate  maj^y  from  Weather  S&*ft<xT 
stations,  but  are  supplemented  by  military  and 
FA  A  control  radar.  The  most  effective  storm 
detection  radar  in  use  today  is  the  Weather 
Service's  WSR-57  and  military  versions  of^the 
same  set.  The  WSR-57  radaTS  have  a  range  of 
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TABLF  1 
WFATHF.R  S>  MMOU 


T  Thundtritorm 

T*  Sevt rc  Thundt  rstorm 

A  Hail 

IC  lev  Crystal* 
IP<W)Ict  PollvU  (Showers) 

L  Druxlv 

R  Rim 

OBSTRUCTIONS  TO  \  WON 


R\\ 

s 

/.L 
/.It 


BD  Blowing  Dust 

BN  mowing  Sand 

BS  Blowing  Snow 

BY  Blowing  Spray 

K  Smoke 


H 
D 


CF 

if 


Rain  Shower* 
Snow 

Snow  Grain)* 
Snow  Pellet* 
Snow  Minuter* 
FrCc/Ing  hrt/rte 
F  feezing  Ham 


Hair 
Dust 
Fog 

Ground  Fog 
lev  Fog 


WEATHFR  INTFVsm  SYMBOLS 


Vory  light 
'Light 

Ht  avy 


\b*cnce  of  svmbol 
Indicates  moderate 
except  for  T,  \  and  IC 


TABLF 2 

SKf  CON  FK  s^  MBOl.s 

Partly  obscured  .<*>(0.l  u>  0  o  „k\  hidden  b\  sui fact  -bated 
objuration) 

Objuration  (1.0  *k>  hidden  b>  surfncc*bascd  objuration) 
Cltir  (0.0  sky  cover) 
Scattered  (0.1  to  0.5  skv  cover) 
Brokon  (0.6  to  0.9  aky  cnvei ) 
OvCrcaat  (1,0  «ky  covor) 


X 
O 

O 


A  mlnuH  *ign  (•)  preceding  a$,  Oor$  symbol  indicate*  that 
layar  ti  thin,  t.t  „  I  2  or  more  of  the  *ummntron  amount  for 
that  It vt I  is  thin 


TABU  1 

CEIUNC  DESIGN  \TOltS 


M  Mtnurtd 
A  Aircraft 
W  Indefinite 


B  Balloon 
Yy  EHttnmti-d 
R  Radar 


Figure  28.—  Tables  to  be  used  for  encoding  and  decoding  airways  messages. 


260  Jkutical  miles  and  arel  strategically  placed 
for  surveillance  of  mpst  of  the  U.  S.  east  of 
tha'fcocky  Mountains;  It  .Wihis  area  where 
sejrere  storms  lire^oft^fr.iquent.  Figure' 29 
shows  the  locations  and  typetf  of  weather  radars 
in  the  48  contiguous  states. 

Radar  reports  are  made  hourly  by  WSR-5? 
equipped  stations  at  H+46,  These  reports  are 
called  record  radar  observations.  Weather  radar 
stations  equipped  with  other  type  radar,  such 
as  the  WSR-1,  also  make  record  observations 
at  H+46,  but  this  schedule  is  not  routine  for 
some  of  those  stations  within  about  100  nautical 
miles  of  a  WSR-67  or  specified  military  radar. 
Special  radar  reports  are  also  made  at  any  other 
time  when  important  echo  patterns  are  observed. 
If  a  radar  report  is  a  "special,"  the  term  "SPL" 
and  the  time  (GMT)  of  the  radar  observation  are 
inserted  following  the  radar -station  identifier. 


Service  A  transmission  of  individual  radar  re- 
ports has  a  time  group  (GMT)  for  all  record 
as  well  as  special  observations. 

Table  3  shows  the  order  and  content  of 
the  individual  weather  radar  report,  and  the 
following  paragraphs  describe  the  content  of 
an  individual  weather  radar  report. 

Location  Identifier:  A  three-letter  group 
identifies  the  station  which  makes  the  radar 
observation. 


Time  of  Report:  The  time  of  the  observa- 
tion (if  given)  is  in  Greenwich  Mean  Time. 
The  time  is  always  included  for  special  ob- 
servations or  any  report  transmitted  on  Service 
A.  If  the  time  is  omitted,  it  is  a  record  observa- 
tion taken  at  H+45. 
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*  Figure  29,~  Weather  radar  stations  in  the  contiguous  U.S. 
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Table  3.-  Order  and  Content  of  Individual  Weather  Radar  Report- 

^  DCA  SPL  SD  1&12  AREA©  TRW-/+  316/83  DSD  2?/o  MAX  TOP  350 

*     b.    c.    d.      e.  f.       g.     h.       h.    /  j. 


2  l5»rCH  HAIL  RPRTD  316/a3 
k. 

a.  Location  identifier 

,  b.  The  contraction  "SPL"  if  the  report  is  a  special  (if  the  report  is 
not  a  special  this  contraction  is  omitted) 

.  c.  The  contraction  ,rSD**  meaning  storm  detection 

d.  Time  of  the  report  (GMT)  (if  a  special,  otherwise  omitted f 

e.  Character  of  echoes 

f.  .  Weather  and  intensity 

g.  Intensity  trend  ^ 

h.  Location  and  dimensions  of  echoes  * 

i.  Movement 

J.   Altitude  of  bases  and/or  maximum  top  of  echoes 

1c.  Remarks,  notes,  and  operational  status  • 


.  Character  of  Echoes:  The  character  of  echoes 
describes  coverage  and  shape'  (area^line,  cell," 
spiral  band  area,  layer, or  fine  line).  The  echo 
patterns  are  classified  as  a  line  only  if ,  the 
echoes  are  arranged  in  reoog^zable  or  organized 
lines  such  as  might  be  reflected  from  a  squall 
,  line  or  front.  Spiral  band  areas  are  reported 
mainly  with  storms  of  tropical  origin.  Table 
4  lists  the  symbols  that  indicate  the  character 
of  echoes  in  the  individual  weather  radar  report. 

Weather  and  Intensity:     The  types  of  pre- 
cipitation associated  with  radar  echoes  are  given 
by  the  same  symbols  as  used  for  surface  weather 
reports,  .i.e.,   R  for  rain,  S  for  sndW,  etc. 
The  intensity  of  precipitation  may  be  denoted 
by  signs  following  the  precipitation  symbols.  For 
example,         means  very  light,  -  means  light, 
+  means  heavy,  ++  means  very  heavy,  the  ab- 
•  sence  of  sign  means  moderate,  and  U  intensity 
unknown.  However,  no  intensities  are  given  for 
drizzle,  hail,  or  snow.  If  liquid  and  frozen  pre- 
cipitation are  reported  in  the  same  system,  the 
liquid  precipitation  is  given  first,  for  example, 
TRW+A.  . 


Intensity  Trend v  The  Intensity  trend  of  pre- 
cipitation is  indicated  by  symbols  following 
the  intensity  symbols  and  are  separated  from 
the  intensity1  symbols  by  a  slant  bar.  Table  5  \ 
s  lists  the  intensity  tendency  symbols  and  their 
meanings. 

• 

Location  and  Dimension  of  Echoes:  Location 
of  echoes  is  relative  to  the  radar  station.  The 
azimuth  (degrees  true)  is  given  in  three  digits 
followed  by  the  distance  from  the  observing  sta- 
tion (range  in  naiitical  miles).  The  azimuth  is 
separated  from  the  distance  by  a  slant  bar. 
Thus,  the  group  316/83  means  316  degrees 
true  and  83  nautical  miles. 

If  the  echoes  are  arranged  in  a  straight 
line,  the  azimuth  and  distance  to  the  ends  of 
the  line  are  given.  If  echoes  are  arranged  in  a 
curved  or  irregular  line,  the  azimuth  and  dis- 
tances are  given 'for  as  many  points  along  the  J 
center  of  the  line  as  are  necessary  to  establish 
the  shape  of  the  line.  If  an  irregularly  shaffd 
area  is  covered  by  echoes,  the  perimeter  of  the 
echoes  is  reported  at  as  many  points  as  neces- 
sary to*  outline  generally  the  contour  of  the 
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Table  4,—  Character  of  Echoes. 


CONTRACTION 

ECHO  SYSTEM 

^  DEFINITION 

CELL 

Isolated  Echo 

Independent  con vective  echo 

AREA  WDLYd 

>    Widely  scattered 
.  area 

Related  or  similar  echoes  covering 
less  than  1/10  of  the  reported  area 

Related  or  similar  echoes  covering 
1/10  to  5/10  of  the  reported  area 

AREA® 

4  Scattered  area 

AREA* 

Broken  area 

Related  or  similar  echoes  in  a  pattern 
that  covers  6/10  or  more  of  the  re- 
ported area  hut  contains  breaks  or 
corridors 

A  DC*  A 

Solid  area 

Contiguous  echoes  covering,  usually, 
more  than  9/10  of4he  reported  area 

WLN  WDLyV 

Line  of  widely 
scattered  echoes 

Relajtd  echoes  in  an  extended  pat- 
tern covering .  less*  than  1/10  of  the 
reported  area 

LN  <D 

Line  of  scatterec 
echoes 

Related  echoes  in  an  extended  pat- 
tern covering  1/10  to  5/iO  of  the 
reported  area 

LNG 

Broken  line  of 
echoes 

# 

Related  echoes  in  an  extended  pat- 
tern that  Covers  6/10  or  more  of  the 
reported  area  hut  contains  breaks  or 
corridors                      ,  ^ 

Solid  line  of 
echdes 

Contiguous  echoes  in  an  extended 
pattern  covering,  usually,  more  than 
9/10  of  the  reported  area 

SPIRAL  BAND 
AREA  (0  or®) 

Spiral  hand  area 
( broken  or  scat- 
tered) 

Echoes   associated   with  tropical 
storms,  Hurricanes,  or  typhoons  and 
systematically  arranged   in  curved 
ines.   This  grouping  may  include  a 
wall  cloud 

LYR 

(<D,  ©, or©) 

Stratified  ele- 
vated echo 

Precipitation  aloft 

FINE  LN 

Fine  line 

Narrow  non precipitation  echo  pat- 
tern associated  with  a  meteorological 
discontinuity  such  as  cold  air  outflow 
In  advance  of  a  squall  line  or  the 
eading  edge  of  a  sea  breeze 

/ 
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Table  5.—  Intensity  Trend. 


Decreasing 

NC 

No  change 

Increasing 

'  NEW 

New  echo(s) 

clear-cut  - echo  area.  If  a  single  echo,  such  as 
a  thunderstorm  cell,  or  an  area  of  'echoes  of 
roughly  circular  shape  is  observed,  the  azimuth 
and  range  to  the  center  of  the  cell  or  area  are 
reported. 

The  dimensions.of  echoes  are  given  as  width 
(W)  or  diameter  (D)  in  nautical  miles.  For  ex- 
ample, SOW  means  50  nautical  miles  wide, 
and  D20  means  20  nautical  miles  in  diameter. 
Mean  widths  of  lines  and  mean  diameters  of 
cells  or  roughly  circular  areas  are  reported. 
The  terms  AVG  W  or  AVG  D  are  used  for 
average  width  and  average  diameter,  respec- 
tively. 

Movement:  Direction,  and  speed  of  move- 
ment  are  indicated  by,means  of  a  four-digit  group. 
The  first  two  digits  indicate  the  direction  to 
the  nearest  10  degrees  from  v&hich  the  echoes 
are  moving',  and  the  last  two  indicate  the  speed 
in  knots.  To  indicate  the  movement  of  individual 
cells  within  an  area  of  echoes,  the  word  CELL 
or  ELEMENT  precedes  the  movement  code;  i.ef 
CELLS  2720  indicates  cellfe  are  moving  from  270 
degrees  at  20  knots.  Direction  is  gitfen  with 
reference  to  true  north. 

Height:  Height  of  maximum  echo  tops  is 
given  in  hundreds  of  feet  above  mean  sea  level. 
The  word  TOP  precedes  the  height  indicator. 
Thus,  MAX  TOPS  400  indicates  the  maximum 
tops  of  the  echoes  are  40,000  feet  MSL.  , 

Remarks,  Notes,  and  Operational  Status; 
Certain  types  of. severe  storms  produce  dis- 
tinctive patterns  on  the  radar  scope.  For  ex- 
ample, a  hook-shaped  echo  is  often  associated 
with  a  tornado;  a  spiral  band,  with  a  hurricane. 
The  melting  level  is  sometimes  reported  if  the 


radar  observer  sees  an  intensified  radar  signal 
a  short  distance  below  the  freezing  level.  If 
hail,  strong  winds,  and  other  adverse  weather 
phenomena  are  known  to  be  associated  with 
identified  echoes  on  the  radar  scope,  the  loca- 
tion and  type  of  phenomena  are  given  in  remarks. 

4 

Table  6lists  the  contractions  used  separately, 
or  in  combination  with  other  observational  jj^ta 
or  remarks,  to  indicate  the  operational  status 
wof  the  radar. 

Radar  Report  Summary.—  A  summary  of 
weather  radar  observation?  is  prepared  by  the 
weather  radar  analysis  unit  at  Kansas  City, 
Missouri  (MKQ  and  entered  hourly  on  Service 
A.  Additional  hourly  weather  radar  summaries 
are  available  on  Service  A  from  Salt  Lake  City 
for  the  area  covered  by  the  SLC  Air  Route 
Traific  Control  Center.  This  summary  is  pre- 
pared by  Weather  Service  specialists  who  ob- 
serve weather  echoes  on  the  long-range  air 
traffic  control  radars.  A  radar  summary  in 
teletypewriter  form  usually  consists  of  the  fol- 
lowing information: 

A  heading  which  includes  the  originating 
location  for  the  summary  (MKC  or  SLC);  the 
identifying  letters  "SD-l"  for  storm  detection; 
and  a  six-figure**  date-time  group  (GMT)  for 
the  observation  time.  The  observation  time  is 
45  minutes  past  each  hour.  The  transmission 
time  of  the  summary  can  be  as  late  as  55 
minutes  after  the  observation  time  and  as  early 
as  the  beginning  of  the  first  scan  period. 

The  summary  repoTt  describing  the  con- 
figuration of  the  radar  echo  pattern.  Intensity 

is  given  as  very  light  (  ),  light  (— ),  moderate 

(no  symbol),  heavy  (+),  and  very  heavy  (++). 
The  type  of  precipitation  (occurring  either  at 
the  surface  or  aloft)  identified  With  the  echoes 
is  given  using  standard  teletypewriter  symbols. 
The  echo  pattern  location  is  described  in  terms 
of  distance  (nautical  miles)  and  direction  (true) 
from  well-known  locations.  Maxirpum  height  of 
echo  tops  is  given  in  hundreds  of, feet  (MSL); 
e.g.,  600  is  60,000  feet.  The  direction  of  move- 
ment of  lines,  areas,  and  ceils  is  indicated  to 
the  nearest  ten  degrees  (true  north)  and  gives 
the  direction  from  which  they  are  moving,  (i.e., 
33  is  the  code  for  330  degrees  and  means  that 
the  movement  is  from  330  degrees.)  Tftie  speed 
of  movement  is  in  knots.  Thus,  the  direction 
and  speed  of  movement  are  given  in  a  four-digit 
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Table  6.—  Contractions  used  to  report  operational  status  of  radar. 


PPINE 

PPIOM 

PPINA 

ROBEPS 

ARNO 

RHINO 


Equipment  performance  normal  in  PPI  mode;  no  precipitation 
echoes  observed;  surveillance  continuing. 

Equipment  inoperative  or  out  of  service  for  preventive  main- 
tenance, 

Observation  omitted  or  not  available  for  reasons  other  than 
PPINE  or  PPIOM. 

Radar  operating  below  performance  standards. 
A  scope  or  A/R  indicator  inoperative. 

Radar  cannot  be  operated  in  RHI  mode.  Height  data  not 
available. 


MKC  SD-1  022045 
CKTS  27-30 

AREA  BKN  R.-RW-NC  BNDD  -30  N  1CT  50  E  OKC  30  N  MWL  25  S  CVS 

25  N\V  GUY  XERN  PTX  WDLY  SCTD  TOPS  120  CNTRL  AND  SRN  PTN  TOPS 

200  MOVMT  2215 

LN  BRKX  RW-  DCRG  15  WIDE  30  W  TUL  20  W  GGG  40  SSW  PSN  MOVMT  2715 
AREA  SCTD  RW-  NC  50  WIDE  60  SE  GSW  ,30  ENE  BWD  TOP  160  MOVMT  2315 
AREA  SCTD  RW-XC  150  WIDE  25  E  GGG  140  S  BRO  TOP  200  MOVMT  2715 
WITH  LN  SLD  TRW  NC  20  WIDE  30  SW  LFK  15  W  HOU  60  E  CRP  TOP  330 
TRW  +  IXCRG  15  SW  HOU  TOP  500 

AREA  BRKN  RW  INCRG  75  DIAM  .50  SE  ACT  MAX  TOPS  350  MOVMT  1810 
FCST 

ALL  ECHOES  EXCP  LN  ERN  TEX  WILL  DCR  INTENSITY  AND  COVERAGE  IN 
TWO  TO  THREE  HRS.  LN  TRW  ERN  TEX  WILL  CONT  EWD  WITH  NO  CHG 
INTENSITY  NEXT  THREE  HRS 


Figure  30.—  Radar  report  summary. 


group,  the  first  two  digits  of  which  give  the 
direction  of  movement  while  the  other  two  digits 
give  the  speed  of  movement  (i.e.,  3425  indicates 
that  the  movement  is  from  340  degrees  at  25 
knots.)  The  movement  group  is  preceded  by 
the  contraction  MOVMT. 

A  forecast  on  expected  movement  and  changes 
in  intensity  for  the  next  few  hours.  This  section 
appears  every  three  hours  at  00402,  03402r  etc. 
on:  the  MKQ  SD-1. 


Figure  30  shows  a  radar  report  summary. 
The  summary  interpretation  is  as  follows: 


Broken  area  of  light  rain  and  light  rain 
showers,  showing  no  change  in  intensity,  bounded 
30  (nautical  miles)  north  of  Wichita  (Kansas), 
50  miles  east  of  Oklahoma  City,  (Oklahoma), 
30  miles  north  of  Mineral  Wells  (Texas),  25 
miles  south  of  Clovis  (New  Mexico)  to  25  miles 
northwest  of  Guymon  (Oklahoma).  Northeastern 
portion  widely  scattered  with  tops  at  12,000 
(feet  MSL).  Tops  central  and  southern  portion 
20,000.  Area  is  moving  from  220  degrees  at 
15  knots. 

Broken  line  of  light  rain  showers,  decreas- 
ing in  intensity,  15  miles  wide  located  from  30 
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miles  west  of  Tulsa  (Oklahoma)  to  20  miles  west 
of  Longvlew  (Texas)  to  40  miles  south  southwest 
of  Palestine  (Texas).  The  line  is  moving  from 
270  degrees  at  15  knots. 


Scattered  area  of  light  rain  showers,  with  no 
change  in  intensity  50  miles  wide  located  from 
60  miles  southeast  Qf.  Greater  Southwest  In- 
ternational Airport  (Texas)  to  30  miles  east 
northeast  of  Brojvnwood  (Texas)  with  tops  to 
16,000.  The  area  is  moving  from  23a  degrees 
at  15  knots. 

Scattered  area  of  light  rain  showers,  showing 
no  change  in  intensity,  150  mites  wide  located 
from  25  miles  east  of  Longview  (Texas)  to  140 
miles  south  of  Brownsville  (Texas),  tops  to 
20,000.  The  area  is  moving  from  270  degrees 
at  15  knots  and  contains  a  solid  line  of  thunder- 
storms and  moderate  rain  showers,  showing  no 
change  in  intensity,  20  miles'  wide  located  from 
30  miles  southwest  of  Lufkin  (Texas)  to  15  miles 
west  of  Houston  (Texas)  to  60  miles  east  of 
Corpus  Christi  (Texas)  with  tops  to  33,000.  A 
thunderstorm  with  heavy  rain  showers,  increasing 
in  intensity,  is  located  15  miles  southwest  of 
Houston  (Texas)  with  tops  of  50,000. 

Broken  area  of  moderate  rain  showers,  in- 
creasing in  intensity,  75  miles  in  diameter  cen- 
tered 50  miles  southeast  of  Waco  (Texas).  Maxi- 
mum tops  35,000.  The  area  is  moving  from  180 
degrees  at  10  knots. 

Forecast.  All  echoes  except  for  the  line  in 
eastern  Texas  will  decrease  in  intensity  and 
coverage -  in  two  to  three  hours.  The  line  of 
thunderstorms  and  moderate  rain  showers  in 
eastern  Texas  will  continue  eastward  with  no 
change  in  intensity  during  the  next  three  hours, 

•  TERMINAL  FORECASTS 

Terminal  forecasts,  as  the  name  implies, 
cover  specific  terminals.  Each  terminal  forecast 
includes'  heights  and  amounts  of  sky  cover,  ceil- 
ing identifier  when  appropriate,  visibility, 
weather  and/or  obstructions  to  vision,  surface 
wind,  and  any  necessary  remarks.  Terminal 
forecasts  do  not  include  specific  information  con- 
cerning, cloud  tops  or  hazards  such  as  icing  and 
turbulence.  They  are  issued  in  two  forms,  the 
12-hour  and  24-hour  terminal  forecasts  'plus 
amendments. 
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12-Hour  TerminafForecasts 

Twelve-hour  terminal  forecasts  are  valid 
for  12  hours.  They  are  made  every  six  hours 
and  transmitted  on  Service  A;  they  replace  prior 
issuances.  Selected  relays  are  distributed  from 
nearby  circuits,  while  relays  from  distant  cir- 
cuits may  not  be  received.  Figure  31  gives  an 
example  of  an  FTl. 

The  filing  time,  valid  time,  and  time  changes 
in  the  body  of  the  forecast  are  in  Greenwich 
Mean  Time,  The  weather  conditions  stated  im- 
mediately following  the  terminal  identifier  (XY2 
in  figure  31)  are  expected  to  occur  at  the  be- 
ginning of  the  valid  time  (1100Z). 

Symbols  and  Notations,— "  Symbols  and  nota- 
tions used  in  terminal  forecasts  are  the  same 
as  those  used  in  aviation  surface  reports  and 
appear  in  the  same  order. 

Ceiling  Identifier,—  The  forecast  cejjling 
is  identified  by  the  letter  "C"  immediately 
preceding  the  height  figures  for  the  layer,  repre- 
senting the  ceiling. 

Cloud  Heights  and  Sky  Cover.—  The  heights 
of  cloud  bases  or  vertical  visibility  into  a  total 
surface  .based  obscuration  are  indicated  in  as- 
cending order  above  the  ground.  Cloud  coverage 
and  surface  based  obscurations  are  indicated  by 
the  standard  symbols  O,  <D,©,®,-<D,  -©,-©, 
-X,  and  X,  Sky  cover  includes  all  cloud  layers 
up  to  and  including  the  ceiling  layer  (if  any) 
and  any  layers  significant  to  flight  operations, 
above  a  broken  layer,  for  example,  8CDC17O50©. 
Adjacent  broken  or  overcast  layers  with  bases 
above  5000  feet  are  considered  as  one  layer 
when  the  top  of  the  lower  layer  is  less  than  3000 
feet  from  the  base  of  the  upper  layer.  Thus,  if 
the  forecaster  expected  conditions  of  C60©80€^ 
he  would'code  this  condition  C60©. 

Visibility,  Weather  and  Obstructions  to  Vi- 
sion.— The  prevailing  visibility  appears  in  the 
forecast  if  it  is  expected  to  be  8  statute  miles 
or  less.  Weather  and/or  obstructions  to  vision 
follow  the  visibility  value  when  the  visibility  is 
.forecasted  to  be  6  statute  miles  or  less,  for 
example,  7,  6K,  3R,  Visibility  is  omitted  if  it 
is  expected  to  be  greater  than  8  statute  miles. 

Surface  Wind,—  Surface  wind  is  shown  using 
two  numbers  to  indicate  the  direction  (in  tens 
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D*te    Time  (Greenwich) 

r— ir-  1  - 


FTI  061045 

V^»d  Tjj^  (Greenwich)'  Day  o(  Week 

1100-2300  fui 

Sution         i     Ce.linjt  Cloud 
DesiKnator       Detonator      Amount  W«»ther 


XYZ  C34^3RW-FK 

*  Cloud  Height  V»,To7iity  ObttructK 
V  to  Vmori 

Figure  31.—  TemiriaUbrecast,  FTI. 


1815 


XYZ  C34$3R\V-FK  1815.  15302  'COLD  FROPA  10<DC1592R\V  3320  OC\LY 
ClOeiTRW  3320C35.    1700Z         .3-315.  . 


Figure  32,—  Terminal  forecast  showing 

during  the  12 

of  degrees  with  reference  to  true  north)  from 
which  the  wind  is  expected  to  blow,  followed 
by  the  speed  in.  knots,  If  the  wind  speed  is 
forecast  to  be  less  than  10  knots,  the  entire 
wind  group  is  omitted.  Gusty  winds  are  indicated 
by  the  letter  "G"  following  the  speed;  i.e., 
2425G  means  ''wind  two  four  zero  degrees,  25 
knots  and  gusty."  Peak  gusts  are  shown  follow- 
ing.the  "G"  when  gusts  are  expected  to  equal 
or  exceed  35  knots:  i.e.,  2425G35  -means  "wind 
two  four  zero  degrees,  25  knots,  peak  gusts 
35  knots." 

Expected  Changes  in  Weather  Conditions.—- 
Expected  changes  in  weather  conditions  are 
not  stated  in  figure  31.  In  other  words,  this 
forecast  indicates  there  will  be  uniform'  condi- 
tions at  XYZ  from  1100  Z  until  2300 Z  on  the 
6th.  Figure  32  shows  how  the  forecast  in  figure 
31  would  appear  if  changes  were  forecast  during 
the  12-hour  period. 


expepted  changes  in  weather  conditions 
hour  period. 

become  25(03315  and  remain  essentially  unchanged 
until  expiration  of  the  forecast  period  at  2300Z. 

Remarks.—  Remarks  are-  a"&ded  whenever 
they  help  explain  weather  conditions  expected  at 
the  terminal  and  cannot  be  covered  elsewhere 
in  the  forecast.  4  \ 

Examples: 


Note  in  figure  32v  that  a  figure  group  (in 
GMT)  shows  the  time  that  changes  are  expected 
to  occur.  At  1530 Z  a  cold  frontal  passage  is 
expected  with  conditions  generally  KXDC15G2RW 
3320  but  occasionally  lower,  as  stated,  in  thun- 
derstorms, and  moderate  rain  showers  until 
1700Z./ After  1700Z  conditions  are  expected  to 


30©V© 

CB^VCNTY 
OCNLY  C5X1/2R+ 

A  gradual  transition  from  one  condition  to 
another  is  indicated  by  modifying  remarks,  sucft^ 
a5:  fit*51 

LWRG  TO  C10©3R-  BY  1500  Z 

24-Hour  Terminal  Forecasts 

The  24rhour  terminal  forecast  is  valid  for 
24  hours  and  has  the  same  format  as  the  12- 
.hour  terminal  forecast  except  that  the  call 
sign  of  the  center  originating  the  forecast  appears 
in  the  heading,  It  is'  issued  only  for  major 
terminals  and  distributed  on  Service  C  tele- 
typewrite^  circuits  every  six  hours.  All*,  FT 2 
foreca^S.are  relayed  on  Service  C  to  achieve 
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XYZ  C3493RVV-FK  1815.  \1530Z  COLD  FKOPA  1OQC1502RVV  3320  OCXLY 
C10<F1TRYV  3320G35.    HfiOZ-iSO  3315.   0i(X)Z  O.   0900Z  -X2F.  . 


Figure  35.r;^€rminal  forecast,  FT-2.  Same  example  as  in  figure  32  extended 
-  ^  .    12  additional-  hours. 


FT1  151045 
11Z-23Z  WED 

066 

AMA  100©  1610.    2000Z  270-<H>. 
GAG  C80<D270€>  1712 .  . 
LWK  <a>V(D.    2000Z  250- ©.  . 

066 


LBB  C1OO027O®.  170CE  1OO0C27O©  \VDLY  SCTD  R.W-  PSBL  TRVV-.  2200Z  270-O.  . 
PNC  ClOOe  eVflD. '  1600Z  1OO0C25O®.    2100Z  )^0-€>: 


Figure  34^12- hour' terminal  forecast  as  it  appears  over  Service  A'. 


1* 


FT2  JFK  221723 
17Z  WED-17Z  THU 


LGA  450  3214  0V<3>.  OOOOZ  O.  1100Z  OSK.  1500Z  400,  . 

JFK    450  3215  0V€>.  OOOOZ  Q.  1100Z  05K*>  1500Z  400.  . 

EWR  450  3215  0V€>.  0000Z  0.  1100Z  OSK.  1500Z  400.  . 

ACY  4O0C8O©  3212  0V€>.    2000Z  450  3213  0V€>.  OOOOZ  O.   1500Z  450.  . 

ALB  C35<0>70<0>  3015  <0>  OCNLY  0-  0100Z  4O0C7O®.   1500Z  400  OCNL  C40€>. 


Figure  35.—  24-hour  terminal  forecast  (FT2)  as  it  appears  on  Servfce'G;  - 


m 

nationwide  distribution  for  flight  plahning  pur- 
poses, I|  the  forecast  for  station  XYZ  in  figure 
31  also  appeared  in  a  24-hour  terminal  forecast, 
thfc  extended  tim£  period  would  appear  as  shown 
in  figure  33. 


Amended  Terminal  Forecasts 

The  aviation  forecaster  issues  an  amended 
terminal  forecast  whenever  he  considers  itf  ad- 
visable for>  the  safety  and  efficiency  of  dircraft 
operations.  He  considers  VFR  and  IFR  Wni- 
mums  at  each  terminal  -along  with  forecasted 
.changes  of  various  weather  elements. 


\ 


Examples  of  Terminal  Forecasts 

Figures  34,  35,  and  36  phow  12-hourt  24- 
hour,  and  smenplea  terminal  forecasts  as  they  . 
appear  on  teletypewriter.  Table  7  *  fhtferpretjs  : 
,  portion  of  a  terminal-  forecast.  Remember  that 
omission  of  wind  or  visibility  implies  a  fore- 
casted condition  just  as  though  it  were  explicitly 
stated.  / 

AREA  FORECASTS  1  * 

Area  forecasts  describe  weather  over  an  . 
area^-weather  wfcich  a  pilot  will  encounter  in 
flight.  Area  forecasts  are  excellent  for  aviation 
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AMENDED  FT1  SEA  061540 

1540Z-2300Z  THU              m                                                               )  >  ' 

BFI  C4ei/2LF.    2000Z  C10e2L~F  2212 .  .  / 

Figure  36,—  Amended  terminal  forecast.  ^ 

Table  7.—  Terminal  Forecasts, 

EXAMPLES 

INTERPRETATION 

3O0C5O® 

THREE  THOUSAND  SCATTERED,  CEILING 
FIVE   THOUSAND    BROKEN,  (VISIBILITY 
GREATER  THAN  8  MILES.  WIND  LESS  THAN 
10  KNOTS). 

C3X1/2R-F 

CEILING  THREE  HUNDRED,  SKY  OBSCURED, 
VISIBILITY  ONE-HALF  (MILE)  LIGHT  RAIN 
AND  FOG,  (WIND  LESS  THAN  10  KNOTS). 

O 

CLEAR,  (VISIBILITY  GREATER  THAN  8  MILES, 
WIND  LESS  THAN  10  KNOTS). 

50Q100-€)C250e 
3615G 

FIVE  THOUSAND  SCATTERED,  ONE  ZERO 
THOUSAND  THIN  BROKEN,  CEILING  TWO 
FIVE   THOUSAND  OVERCAST,  (VISIBILITY 
GREATER  THAN  8  MILES),  WIND  THREE 
SIX  ZERO  DEGREES,  ONE  FIVE  KNOTS  AND 
GUSTY'. 

Table  8.—  Area  forecast  by  sections". 


1. 

Heading 

\2. 

Forecast  area~ 

3. 

Height  statement  j 

4. 

Synopsb 

5. 

Clouds  and  weather 

6. 

Icing 

7. 

Turbulence 

/  8. 

Outlook                          .  . 

briefing  and  operational  planning.  Forecasters 
at  aviation  forecast  offices  prepare  them'  at  six- 
*  hour  .intervals  for  distribution  over  Service  A. 
In  Alaska,  area  forecasts  are  amended  by  un- 
scheduled, amended  area  forecasts.  In  all  other 

r 


areas,  inflight  advisories  and  severe  weather 
forecasts  provide  information  for  updating  area 
forecasts. 

Format  and  Content 

i 

Table  8  lists  the  separate  sections  of  an  area 
'  forecast.  The  forecast  states  specific  weather 
expected  for  a  12-hour  period'  with,  a  more 
general  outlook  for  an  additional  12  or  18  hours. 
Forecasters  use  either  abbreviated  plain  language 
or  symbolic  coded  groups  similar  to  coding  in 
SA's  and  FT's. 

*» 

Heading.-  The  heading  identifies  the  type  of 
forecast  (FA),  the  forecast  office,  the  scheduled 
filing  time,  and  the  valid  period  of  the  forecast, 
that  is,  the  first  12-hour  period.  All  times  axe  in 
Greenwich  Mean  Time. 

Forecast  Area.—  The  forecast  area  identifies 
the  geographical  area  covered  by  the  forecast 


Height  Statement.—  The  height  statement, 
"HGTS  ASL  UNLESS  NOTED/'  alerts  the  usef 
that  height  values  quoted  in  the  forecast  refer 
to  mean  sea  level  unless  otherwise  .indicated 
by  the  text. 

Synopsis.—  A  brief  synopsis  describes  loca- 
tions and  movements  of  significant  fronts,  pres- 
sure systems/  and  circulation  patterns.  It  may 
also  refer  to  significant  moisture  and  stability 
conditions. 

Clouds  and  Weather.—  The  clouds  and  weath- 
er section  describes  the  expected  amount  and 
height  of  sky  cover,  cloud  tops,  surface  visibility, 
state  of  weather^  and  obstructions  to  vision, 
and  surface  wind. 

Sky  Cover:  Sky  coverts  expected  coverage 
'  of  each  layer,  instead  of  the  summation  principle 
used  in  surface  aviation  observations  and  ter- 
minal forecasts.  Adjacent  broken  or  overcast 
layers  with  bases  5000  feet  or  higher  above 
ground  and  with  less  than  3000  feet  vertical 
separation  are  forecast  as  one  layer. 

Cloud  Heights:  Cloud  heights  are  in  hundreds 
of  feet  with  reference  to  mean  sea  level  unless 
stated  otherwise. .  One  hundred-foot  intervals 
up  to  3000  feet  are  forecast  in  plains  and  valley 
areas.  Otherwise  intervals  of  500  to  1000  feet 
are  used.  Examples  of  heights  not  with  reference 
to  MSL  are: 

C30© 

ioo<d/gl, 

which  mean  ceiling  3  thousand  overcast  and 
10  thousand  scattered  above  ground  level,  re- 
spectively. (The  identifier  C  or  contraction  CIG 
always  means  above  ground  since  ceiling,  by 
definition,  means  above  ground.) 

Cloud  Tops:  The  height  of  cloud  tops  is 
stated  for  cloud  layers'  with  bases  20,000  feet 
MSL  or  lower.  Cloud  tops  are  in  hundreds  of 
feet  identified  by  "TOPS."  Example: 

C50TOPS  30 

means  ceiling  5  hundred  overcast  with  tops  at 
3  thousand  MSL. 

Visibility:  Surface  visibility  of  mdre  than 
8  Statute  miles  is  generally  omitted,  from  .the 


Table  9.—  Areal  coverage  of  showers  and  thun- 


derstorms. 

Adjectfvt 

Isolated 

Extremely  small  number 

Few 

152  or  less  of  area  or  line 

Scattered 

16%  to  45%  of  area  or  line 

Numerous 

More  than  45*  of  area  or  line 

forecast.  When  visibilities  are  forecasted  to  be 
6  statute  miles  or  less,  weather  and  obstructiohs 
tt>  visidn  are  included.  This  criteria  is  the  same 
-  as  for  terminal  forecasts. 

Weather  and  Obstructions  to  Vision  AVeather 
and  obstructions  to  vision  are  in  contractions 
(i.e.,  SKW,  DRZL)  when  included  with  a  plain 
language  statement.  The  symbolic  form  (S,  L, 
etc.)  with  a  plus  or  minus  Sign,  as  appropriate, 
is  used  in  a  symbolic  group,  such  as  C8©3S-. 

When  the  forecaster~expfete  showers  or 
thunderstorms,  he  usually  describes  the  activity 
in  a  specified  area  as  few,  scattered,  or  numer- 
ous. Table  9'gfves  the  expected  arVal  coverage 
corresponding  to  each  of  these  adjectives 

Surface  Winds:  Surface  winds  are  in  sym- 
bolic form  for  any  area  of  expected  sustained 
speeds  of  25  knots  or  more.  Directions  refer  to 
true  north,  and  speeds  are  in  knots.  The  contrac- 
tion "SFC  WND"  precedes  the  direction  and  speed 
group.  Gusty  surface  winds  In  a  plain  language 
or  abbreviated  text  are  denoted  bv  the  term 
"GUSTY"  or  "GUSTS  TO. . . or,  when  in  'a 
symbolic  group,  by  the  form  "25G,"  "25G40," 
or  "30G65." 

Icing.—  The  icing^sBCttiH*.  identified  by  the 
contraction ^ICG,"  includes  a\tatement  of  ex- 
pected icing  cofltfftions  and  tne  height  of  the 
freezing  level.  Contractions  such  as  CLR,  RIME, 
or  MXD  indicate  types  of  icing  (clea^r,  rime,  or 
mixed).  Icing  intensities  are  trace,  light  <LGT), 
nrjoderate  (MDT),  or  heavy  (HVV).  Sometimes 
contractions  such  as  ICGIC,  ICGIP,  and  ICGICIP 
'meaning,  respectively,  icing  in  clouds,  icing  in 
precipitation,  and  icing  in  clouds  and  in  precipita- 
tion appear  in  combination  with  icingand  intensity. 
For  example  \ 

r 

*MDT  CLH  ICGICIP. 
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Qualifying  terms  such  as  probably,  likely, 
and  locally  are^jused  when  these  add  to  the  value 
of  the  forecast,  such  as: 

MXD  ICGIC  LKLY.  ' 

i 

••NONE"  indicates  a  forecast  of  no  icing. 
Heights  of  icing  and,  the  freezing  level  are  in 
hundreds  of  feet  above  mean  sea  level. 


Turbulence.-  The  contraction  nTURBCM 
identifies  the  turbulence  section.  The  contrac- 
tions "LGT,"  "MDT,"  "SVR,"  and  "EXTRM" 
describe  intensity,  while  the  height  of  turbulence 
is  m  hundreds  of  feet  MSL.  A  forecast  of  no 
turbulence  is  explicitly  stated. 

Outlook.—  The  contraction  'OTLK"  follow- 
.  ed  by  the  valid,  time  in  GMT  identifies  the 
,outlook  portion.  It  contains  a  brief  statement 
of  weather  conditions  expected  in  the  12-  or 
18-hour  period  immediately  following  the  first 
12  hours  of  the  forecast.  Only  the  FA  vali? 
beginning  at  1300Z  contains  an  18-hour  outlook. 

Examples  of  Area  Forecasts 

Figure  37  is  an  example  of  "an  area  fore- 
cast with  each  paragraph  identified  and  trans- 
lated. Figure\38  shows  an  area  forecast   as  it 
appears  on  Service  A. 
#♦ 

WEATHER  MESSAGE  HEADINGS 

Most  weather  messages  have  a  heading  that 
precedes-  the  weather  data  and  enables  the  MST 
to  identify  at  a  glance  the  type  and  origin  of  the 
data  received*  Normally  the  heading  consists  of 
-four  letters.  The  first  two  letters  identify  the 
type  of  weather  data,  xand  the  remaining  two  the 
geographical  area  in  which  the  data  originated. 
The  following  list  contains  six  categories  of  *^pe- 
of- report  designators: 

1.    Surface  data  (observations)  (S) 

SA    Hourly   and/or  half- hourly  (air- 
'    way  hourly) 
-  SD  Radar 

SE    Seismograpji  earthquake 
SF  Atmospherics 
SG    Microseismograph    "*    ' r  \ 
/  ST  Intermediate  hours  (3- hourly  syn- 
optic) 

SM   Main  hours  (6-hourly  synoptic) 
3P   Special  (aviatiqn) 
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SR   River  and  special  service 
SW  Supplementary  airway  weather 
SX    Miscellaneous  surface 

« 

Upper  air  data  (observations)  (U) 

TW  Thermal  winds 

UA   Aircraft  report  (PIREP) 

UB   ABTOP  j 

UC  Combined  pilot  balloon  and  RAWIN 
collective 

UD  Maximum  wind 

UF  Upper  air  fallout  data 

UG   Pilot  (part  B,  FM  32. Q 

UH   Pilot  (part  C,  FM  32.C) 

UI    Pilot   (part   A  and  B,  FM  32. C) 

UJ  Combined  RAOB  &  RAWIN  collec- 
tive 

UK  Temp  (part  B,  FM  35. Q 

UL  Temp  (part  C,  FM  35. C)  ■ 

UM  Temp  (parts  A  and  B,  FM  35. C) 

UN  Rocketsonde  data 

UO  Tropopause 

UP  Pilot  balloon  (part  A,  FM  32. C) 
UR  Reconnaissance  flight  (regular  and 

hurricane) 
US  Radiosonde/rawinsonde 
UT  Transosonde 
L'V  Vector  wind  differences 
U\V  Rawin  (electronic) 
UX   Miscellaneous  upper  air 


3.  ^Forecasts  and  Prognoses  (F) 

FA  Aviation  forecasts  (combination) 

FB  Aviation  forecast 

FC  Terminal  forecast  in  TAF  code 

FD  Winds  aloft  forecasts  ' 

FE  Extended  forecast 

FF  Flight  forecast 

FG  Radio  warning  service  (radio  prop- 
agation) forecasts 

FH  High  altitude  forecast 

FI  Ice  forecast 

FM  Temperature  extreme  forecasts 

FN  Regional  forecasts 

FO*'  Operational  forecasts 

FP  Public  forecasts 

FR  Route  forecast 

FS  Surface  prognostic  chart 

FT  Aerodrome  forecasts 

FU  Upper  air  prognostic  chart 

FW  Winter  sports  forecast  with  data 

FX  Miscellaneous  forecasts 

FZ  Marine  forecasts 


Analyses  (A) 

AB  Weather  summaries 

J 
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(HEAD  INC) 

FA  MKC  061845 
J9Z  TUE-07Z  WED 

( FORECAST  v  AREA) 

NEB  EXCP  PHNDL  IA  KANS  MO 
(HEICHT  STATEMENT)  ' 
HGTS  ASL  UNLESS  NOTED 

(SYNOPSIS)  ■* 
SYNOPSIS.   OCLD  FRONT^  NEAR  SIOUX  CITY  LINCOLN  CONCORDIA  GAGE 
AT  19Z  MOVG  EWD  20  TO  25  KT  RCHG  ERN  IA  SE  KANS  BY  TUE  EVE 

(CLOUDS  AND  WEATHER) 
CLDS  AND  WX.  E  OF  OCLD  FRONT.  OVR  IA  NEB  30-40OV®  AGL  100-120O 
AGL  BCMG  C30-40?  TOPS  180  SCTD  RW-  50  TO  75  MI  E  OF  FRONT.  OVR 
KANS  MO  15OV<S>40<n>120<2>  ALL  AGL  TQPS  200  LCLY  C109  SE  KANS  WITH  WDLY 
SCTD  SHWRS 

W  OF  OCLD  FRONT  GRDL  CLR£ 
(IQNC) 

ICG.    OCNL  LGT  ICGIC  Ity  FRONTAL  ZONE.   FRZG  LVL  100  E  OF  FRONT  AND 
60-90  W  . 
(TURBULENCE)  % 
TURBC.  NONE 

(OUTLOOK)  '  *  . 

OTLK  07Z-19Z  WED.   MOSTLY  100-120OV©  OVR  RGN  WITH  LWR  SC  SPRDG  INTO 

NRN  IA  AND  «NE  NEB  ERLY  MRNG.  '  , 


HSADINC 

Area  forecast  issued  by  Kansas  City  (MKC),  6th  day  of 
month  at  1845  CMT;  Valid  from  1900  CMT  Tuesday 
until  0700  CMT  Wednesday. 

Forecast  Ajuca 

Forecast  area  includes  Nebraska  except  panhandle  and 
all  of  Iowa,  Kansas,  and  Missouri. 

IIcckt  Statkmzkt 

Heigh  tj  are  all  above  sea  level  unless  specifically  indi- 
cated above  ground. 

Synopsis 

Occluded  front  near  Sioux  City  (Iowa),  Lincoln 
(Nebraska),  Concordia  (Kansas),  Cag«  (Oklahoma) 
line  at  one  nine  zero  zero  Creenwjch  moving  eastward 
two  zero  to  two  five  knots  reaching  (to)  eastern  Iowa 
and  southeast  Kansas  by  Tuesday  evening. 

Clouds  and  Wkathsb  .  « 

East  of  occluded  front,  over  Iowa  and  Nebraska  3000 
to  4000  scattered  variable  to  broken,  10,000  to  ,12,000 
broken  (both  layers  above  ground  level).  Becoming 


ceiling  3000  to  4000  overcast,  tops  to  18,000  (with) 
scattered  light  rain  showers  50  to  75  nautical  miles 
oa&t  of  front.  Over  Kansas  and  Missouri  1500  scattered 
variable  to  broken^  4000  broken,  12,000  broken  all 
layers  above  ground,  tops  20,000  ASL,  locally  ceiling 
1000  overcast  in  southeast  Kansas  with  widely  scattered 
showers. 

West  of  occluded  front  gradual  clearing. 

ICtNC 

Occasional  light  icing  in  clouds  in' frontal  zone.  Freez- 
ing level  10,000  ASL  east  of  front  and  between  6000 
and  9000  west  of  front. 

Tumuixnce  >  ' 

None 
""Outlook 

From  0700  CMT  until  1900  CMT  Wednesday,  mostly 
10,000'  to  12,000  scattered  variable  to  broken  MSL 
over  region  (forecast  area)  with  lower  stratocumulus 
clouds  spreading  into  northern  Iowa  and  northeastern 
Nebraska  by  early  morning.  « 


Figure  37.—  Area  forecast  (FA)  with  translation. 
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FA  MSY  111245 
13Z  WED-01Z  THU 

LA  SRN  HALF  MISS  MOBILE  AREA  OK  ALA  FLA  W  OF  65  DEC  CSTL  \VTRS 
HGTS  ASL  UNLESS  NOTED 

SYNOPSIS.   RDC  0\-ER  LWR  MISS  VLY  WL  BUILD  LTL  AS  WK  C:OLD  FRONT  ALG 
GLF  CTS  LOSES  IDENTITY  BY  19Z 
CLDS  AND  WX.  0\'R  AREA  GENLY  300-0 
ICG.  NONE.  FRZLVL  120-130  » 
TURBC.   NONE  OF  CONSEQUENCE 

OTLK  01Z-19Z  THU.    LTLCG  .  


Figure  38.—  Area  forecast  as  it  appears  on  Service  A. 


AC 

AH 

AL 

AS 

AT 

AU 

AV 

AW 

AX 

AZ 


Convective  analyses 

Thickness  analyses 

Zonal  wind  analyses  (hemispheric) 

Surface 

Three-hourly  analyses 
Upper  air 

Vertical  motion  analyses 
Wind  analyses 
Miscellaneous 

Zonal  analyses  (hemispheric) 


5.  Climate  Data  \C) 

CS   Surface  climate  data 
CU  Upper  air  climate  data 

6.  Warnings  (W) 

WH  Hurricane  warnings  (or  advisories) 
}      WW  Warpings  other  than  hurricane 


The  third  and  fourth  letters,  when  used, 
identify  the  geographical  location,  A  partial 
list  is  reproduced  hereft 


Geographical  Designators: 

AA  Antarctica 

AC   Arctic  Region 

AK  Alaska 

AS  Asia 

AU  Australia 

BS    Bering  Sea 

CA  Caribbean 

*CN  Canada 

EC   East  China  Sea 

EM  Middle  Europe  • 

EN  .  Northern  Europe 

EU  Europe  ^ 

EW  Western  Europe 

GA  .  Gulf  of  Alaska 


GL  Greenland 

GM  Guam 

HK  Hong  JCong  - 

ID  Indonesia 

IN  India 

10  Indian  Ocean 

KO  Korea 

MC  Central  Mediterranean 

ME  Mediterranean  Area 

MM  Mediterranean 

MW  Western  Mediterranean 

MX  -Mexico 

NA  North  America 

NT  North  Atlantic 

NZ  New  Zealand 

PA  Pacific 

PH  Philippines 

PN  North  Pacific 

PS  South  Pacific 

RA  U,S.S,R.  (Asia) 

RS  U.S.S.R.  (Europe) 

SJ  Sea  of  Japan 

SS  South  China  Sea 

ST  South  Atlantic 

UK  United  Kingdom 

UR  Ukrainian  S.S.R. 

US  United  States 

WK  Wake  Island 


For  example,  using  all  of  the  4-letter  desig- 
nators in  combination,  you  have  a  report  headed; 
UPPA.  The  UP  indicates  that  the  report  to 
follow  contains  upper  wind  data  confined  to  data 
"Srp  to  and  including  the  100-mbjevel  (53,000  ft), 
and  the  PA  designators  indicate  the  report(s) 
is/are  from  the  Pacific. 
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The  weather  data  text  follows  the  weather 
data  heading  in,  the  message.  Normally,  the 
weather  text  is  in  a  coded  form;  i.e.,  FM  li.C 
for  land  synoptic  reports,  FM  35. C  for  land 
radiosonde  reports,  etcr  A  complete  listing  of 
these  codes  may  be  found  in  N.O.  Pub.  118. 
However,  an  MST  may  'at  times  be  required 
to  transmit  weather  data  to  naval  units  that 
do  not  have  trained  weather  personnel  assigned. 
A  plain  language  weather  message,  utilizing  uni- 
versal contractions,  is  transmitted  in  cases  like 
this. 

COMMON  CONTRACTIONS 

The  following  is  a  list  of  some  of  the 
abbreviations  for  words  or  groups  of  words  for 
use  in  transmission  of  weather  information, 
including  forecasts  and  the  remarks  to  be  found 
at  the  end  of  teletyped  reports. 


Words  • 

cloud 

coastal 

commence 

condition 

continuing 

correction 

cumulonimbus 

daybreak 

daylight 

decrease 

decreasing 

deepen 

delayed 

delayed  weather 

dense 

develop 

dewpoint- 

diminish 


Abbreviations 

CLD 

CSTL 

CMNC 

CND 

CONTG 

CQN 

CB 

DABRK 

DALGT 

DCR 

DCRG 

DPN 

DLAD 

PDW 

DNS 

DVLP 

DWPNT 

DMSH 


Words 

dissipate 

DSIPT 

Abbreviations 

dissipating 

DSIPTG 

about 

distant 

DSNT 

A  RT 
£\o  1 

divide 

DVD 

above 

A  RV 
£\D  V 

drift 

DRFT 

>                At  ri 

drizzle 

DRZL 

air  i  uoo 

no 

during 

'  DURG 

advance 

ADVN 

early 

ERY 

after 

AFT 

ending 

ENDG 

after  dark 

AFDK 

entire 

ENTR 

afternoon 

AFTN 

estimate 

EST 

aircraft 

AC  FT 

evening 
extend 

EVE 

airmass  * 

AMS 

XTD 

airport 

ARPT 

extreme 

XTRM 

airway 

AWY 

falling 

FLG 

aloft 

ALF 

field 

FLD 

alQng, 

ALG 

flurry 

FLRY 

altimeter  setting 

ALSTG 

follow 

.  FLW 

amount 

AMT 

forecast 

FCST 

around 

ARND  • 

forming 

FRMG 

barometer 

BRM 

freeze 

FRZ 

become 

BCM 

frequent 

FQT 

becoming 

BCMG 

from 

FM 

before 

BFR 

front 

FNT 

begin 

.  BGN 

frontal  passage 

FROPA 

behind  ^ 

BHND 

frost 

FRST 

below 

BLO 

forenoon 

FORNN 

between 

BTN 

generally 

GENLY 

broken 

BRKN 

gradual 

GRDL 

ceiling 

.  CIG 

ground 

GND 

center 

CNTR 

ground  fog 

"  GNDFG 

central 

CNTRL 

group 

GRP 

change 

CHG 

hailstone 

HLSTO  . 

clear 

CLR 

hard  freeze 

HDFRZ 

clearing 

CLRG 

hazy 

HZY 
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Word  Abbreviations 


heavy 

HVY 

heavier 

'  HVYR 

high 

HI 

higher 

HIER 

high  broken 

HBRKN ' 

high  overcast 

HOVC 

high  scattered 

HSCTD 

horizon 

.  HRZN 

hundred 

HND 

hurricane 

HURCN 

'  hurricane  report 

HUREP 

icing 

ICG 

icing  in  precipitation 

ICGIP 

icing  in  clouds 

ICGIC 

ice  on  runways 

IR 

.improve 

IPV 

increase 

INCR 

indefinite 

INDFT 

inoperative 

INOPtf 

instrument 

INST 

Intense 

INTS 

intermittent 

INTMT 

in  vicinity  of 

INVOF 

knollsman 

KOL 

knots 

KTS 

latitude 

LATD 

layer 

LYR 

level 

LVL 

lift 

LFT 

light 

LGT 

lightning 

LTNG 

likely 

LKLY 

little 

LTL 

little  change 

LTLCG 

local 

LCL 

locally 

LCLY 

longitude 

LONG 

lower 

LWR 

lower  broken 

LWRBRKN 

lower  overcast 

LWROVC 

lower  scattered 

LWSCTD 

mean  sea  level  o 

MSL 

middle 

MID 

midnight 

MIDN 

mild 

MLD 

mile  (statute)^ 

.MI 

miles  per  hour 

MPH 

millibars 

MBS 

missing 

MISG 

mixed 

MXD 

moderate 

MDT 

morning 

MRNG 

mostly 

MSTLY 

ERLC 
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Words 

Abbreviations 

mountain 

MTN 

move 

MOV.  . 

nautical  miles 

•NLM  . 

•night 

NGT 

northern 

NRN  .  * 

numerous 

NMRS 

obscure 

OBSC 

observe 

OBS 

occasion 

OCN 

occasional 

OCNL 

occasionally 

OCNLY 

occluded  front 

OCFNT 

occlusion 

OCLN 

outlook 

OTLK 

over 

OVR 

overcast 

OVC 

overhead 

OVHD 

on  top 

OTP 

partly 

PTLY 

pilot  balloon 

PIBAL 

observation 

not  observed,  because 

PICO 

of  clouds 

not  observed,  no 

PIHE 

helium  / 

not  observed,  because 

PIRA 

of  rain 

period 

PRD 

persisting 

*'  PRSTG 

possible 

PSBL 

portion 

PTN 

precipitation 

PCPN 

pressure 

PRES 

prevail 

PVL 

quadrant 

QUAD 

radiosonde  data 

RADAT 

radar  winds  aloft  * 

*~  RAWIN 

ragged 

RGD 

range 

RNG  - 

rapid 

.  RPD 

rapidly 

RPDLY 

reach 

RCH  \ 

redeveloping 

REDVLPG 

reforming  • 

REFRMG 

region 

RGN 

remain 

RMN 

remark 

RMRK 

ridge 

RDG 

river 

RVR 

runway 

RNWY 

scattered 

SCTD 

schedule 

SKD 

sections 

SXNS 
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Words 


Abbreviations 


Word? 


Abbreviations 


several 

SVRL 

WcolWdru 

YY  WJJ 

severe 

SVR 

widely 

WT 

YY  La 

shallow 

SHLW 

Will 

W  Li 

shift 

SHFT 

wind 

WND 

W  i^l  LJ 

shower 

SHWR 

sleet 

SLT 

• 

slightly 

SLGTLY  j 

WORD  ENDINGS 

smoke 

'  SMK 

snow 

SNW* 

a  hip 

RT 

Lj  La 

somewhat 

SMWHAT 

al 

L 

spreading 

SPRDG 

allv.  prlv  lv 

LY 

Lj  L 

sprinkle 

SPKL 

arv.  prv  nrv 

RY 

squall 

SQAL 

NT 

squall  lines 

SQLNS 

der 

DR 
urv 

statioh 

STN 

CU|  lcU 

n 
u 

storm 

STM 

pninor 

surface 

or  w 

v^cfi  ier,  or 

sunrise 

SUNRS 

ant 

DVT 

synopsis 

SYNS 

11 V 

CJ  V 

telephone 

TLFO 

ipqf  pqf 
ICOkf  cot 

o  1 

temperature 

TMP 

terminal 

TRML 

ing 

thick 

THK 

ny 

TV 

thin 

THN 

t  TTP 

V 

thousand 

THSD 

ment 

MT 

threaten 

THTN 

our 

US 

throughout 

THIJUT 

*       s,  es,  ies 

S 

thunder  . 

THDR 

tion,  ation 

N 

thunderhead 

THD 

ward 

WD  ' 

thundershower 

TSHWR 

thunderstorm 

TSTM 

tonight 

TNGT 

WEATHER   CHARTS  TRANSMITTED  BY  THE 

topping 

TPG 

NATIONAL  WEATHER  FACSIMILE  NETWORK 

toward 

TWD 

trough 

TROF  * 

Many  different  charts  are  transmitted  daily 

turbulence 
'unknown 

TURBC 

over  the  National  Weather  Facsimile  Network; 

UNK 

these  include  surface  and  upper  air  analyses, 

unlimited 

UNL 

surface  and  upper  air  progs,  significant  weather 

unsteady 

UNS'TDY 

progs,  vorticity 

and  vertical  velocity  progs, 

until 

TIL 

precipitable  water  analyses,  stability  index,  winds 

upper 

UPR 

aloft  charts,  weather  depiction  charts,  and  radar 

upward  * 

UPWD 

summaries.  These  charts  are  transmitted  both 

valley 

VLY 

by  landline  and  radio  and  can  be  received  either 

variable 

VRBL 

ashore  or  at  sea.  (See  figure  39  for  the  schedule 

^vicinity 

p       ^ VCNTY 

pf  the  National 

Weather  Facsimile  Network.) 

visibility 

VSBY  * 

visible- 

VSB 

As  an  MST 

you  will  be  required  have 

warm 

WRM 

the  ability  to  interpret  many  of  these  charts 

weak 
l^weaken 

WK 

for  present  weather  patterns  and  future  weather 

WKN 

trends.  This  section  will  cover  briefly  some  of 

weather 

wx  0 

the  charts  which 

are  the  primary   concern  of 

western 

WRN  ' 

the  weather  forecaster  and  will  place  particular 

westerly 

WLY 

emphasis  on  the  charts  that  an  MST2  will  have 
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CMT 

No. 

FlOM 

0000 

■1 

NMC 

0040 

2 

0050 

3 

M1CC 

0102 

4 

NMC 

0112 

5 

NMC 

0122 

6 

NMC 

0132 

7 

NMC 

0207 

8 

NMC 

0219 

9 

NMC 

0237 

10 

NMC 

0247 

11 

NMC 

0302 

12 

NMC 

0312 

13 

NMC 

0322 

U 

NMC 

0332 

15 

■  NMC 

0342 

10 

NMC 

0352 

17 

MKC 

0404 

18 

0414 

19  * 

0424 

20 

0434 

21 

NMC 

0454 

22 

NMC 

0507 

23 

NMC 

0525 

24 

NMC 

0535 

25 

NMC 

0545 

NMC 

0555 

27 

MKC 

NATIONAL  WEATHER  FACSIMILE  NETWORK  SCHEDULE 
Effective  July  1,  1964 

Ocjurr  Dwcarraow 

Extended  Forecast  Charts 

5-Day  Forecasts  (Moo-Wed-Fri) 
72-Hr  Surface  Prog  ( Sun-Tue-Thur-Sat ) 
30-Day/OutIook  (1st  and  15th) 

Nephanaryses 

Radar  Summary 

Prog  72-Hr  500  MB 

Snow  Cover 

Maximum  Temperatures 

Surface  Analysis  — 

500  MB  Analysis 


Weather  Depiction 

12-Hr  Pressure  Change 
850  MB  Analysis 

Vortidty  +  500  MB  Initial 
Conditions  12-Hr,  24-Hr,  x 
36-Hr  Barotropic  Progs 

Prog  —  Surface,  Clouds  +  Precip 
12-Hr 
24-Hr 

Winds  Aloft  -  Lower  Levels 

Winds  Aloft  -  Intermediate  Levels 

Prog  -  Hi  Level  Signifi 

Winds  Aloft - 
Tropopai 


TX 

GMT 

Amka 

MANOP 

40 

V12 

FH 

FEXN 

1  A 
10 

12 

w 

TIC 

a  OTIC 

10 

via... 

FH 

FUXW50 

10 

00 

US4 

AXOS 

10 

00 

US 

ABUS  1 

35 

00 

US 

ASUS 

12 

00 

SEC 
1A 

AUNA  58 

18 

,  01 

US 

ABUS 

10 

00= 

NA 
US 

AXUS  3 

4 

15 

00 

US 

FUUS  5 

10 

vi2 

FXUS 

us 


10  ir^* 


Level 


Analysis 
Open 

Surface  Analysis  —3 

Surface  Analysis  —  6 

with  1000-500  MB  Thickness 

Weather  Depiction 

Maximum  Wind  Analysis 
Wind  Shear  Analysis 

300  MB  Analysis 

200  MB  Analysis 

Radar  Summary 


18 
10 

10 
10 
00 


ULUS  1 
ULUS  2 

US 

FUUS  2 

00 

us  * 

ULUS  3 

03 

us 

ADUS 

00 

us 

ADUS  1 

00 

Seel 

AUNA  7 

03 

US 

ASUS 

00 

FH 

ASXW 

04 

US 

ABUS 

00 

US 

AWUS 

00 

Seel 

AUNA  3 

00 

Seel 

AUNA  2 

05 

US 

ADUS 

Figure  39,—  Facsimile  Schedule. 
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to  know,  such  as  weather  depiction  charts  and 
radar  summaries.  These  charts  are  designed 
primarily  for  aviation  purposes,  but  are  in- 
valuable to  anyone  interested  in  presenting  weath- 
*    er  information. 

•prognostic  charts 

;>  Prognostic  (prog>  charts  are  simply  the 
basic  charts  projected  into  the  future.  Among 
the  many  prog  charts,  the  most  commonly  used 
and  the  most  important  ones  are  the  surface 
prog  charts,  the  constant,  pressure  prog  charts, 
sea  condition  prog  charts,  severe  weather  out- 
look charts,  significant  weather  (high  level) 
prognoses,  and  the  5-day  prog  charts. 

Prog  charts  constitute  a  future  analysis  for 
the  level  and  element  in  question.  There  is 
little  need  to  describe  them  further,  because 
they  are  very  similar  in  appearance  to  the 
basic  charts;  that  is,  the  surface  prog  chart 
resembles  the  surface  chart,  the  700-mb  prog 
chart  resembles  the  700-mb  chart,  etc.  Perhaps 
the  major  difference  in  appearance  of  prog 
charts  and  basic  charts  is  that  the  prog  charts 
do  not  contain  plotted  weather  reports. 

TROPOPAUSE  DATA 

Charts  containing  tropopause  heights,  tem- 
,  peratures,  and  wind  direction  and  velocity  for 
selected  stations  in  the  United  States  are  trans- 
mitted twice  daily  on  the  upper  levels,  winds 
aloft  chart. 

NUMERICAL  WEATHER  CHARTS 

A  large  number  of  the  weather  charts  trans- 
mitted over  the  facsimile  network  are  prepared 
by  numerical  methods,  using  electronic  digital 
computers  (EDQ.  The  electronic  digital  com- 
puter is  capable  of  both  the  analysis  and  prog- 
nosis of  most  weather  charts.  Charts  prepared 
in  this  manner  are  identified  by  the  inclusion  of 
NWP  (numerical,  weather  prediction)  in  the  title 
block  of  the  chart.  A  few  of  the  numerical 
Weather  charts  prepared  are  surface,  upper  air, 
vorticity,  thickness,  and  sea  conditions  charts. 

Presently,  there  are  three  Numerical  Weath- 
er Prediction  units  in  the  United  States.  The 
Naval  Weather  Service  operates  a  Fleet  Numer- 
ical Wfeather  Facility  in  Monterey,  Calif.;  the 
National  Weather  Service  operates  a  unit  at  the 


National  Meteorological  Center  in  Suitland,  Md.; 
and  the  U.S.  Air  Force  operates  a  Global  Weather 
,  Center  at  Offutt  AFB,  Nebraska. 

SATELLITE  CLOUD  CHARTS 

The  satellite  cloud  chart  is  a  graphical 
depiction  of  cloud  distribution  and  type  which 
is  prepared  from  cloud  photos  taken  along  a 
programed  orbit.  These  charts  are  referred  to 
as  nephanalyses  (neph)  charts  and  are  transmitted 
regularly  over  the  fleet  and  national  facsimile 
networks. 

These  charts  are  utilized  by  flight  fore- 
casters in  briefing  flight  crews,  especially  for 
transoceanic  flights.  In  addition,  nephanalyses 
charts  may  be  used  to  augment  entries  on 
synoptic  charts  in  areas  of  sparse  reports. 

Application  of  Satellite  Data 

Great  progress  has  been  made  in  the  weather  ' 
satellite  program  since  the  first  weather  sat- 
ellite, TIROS  I,  (Television  Infrared  Observation 
Satellite)  was  launched  in  1960.  TIROS  weather 
satellites  have  produced  tens  of  thousands  of 
excellent  cloud  pictures.  Shortcomings  of  previous 
satellites  are  continually  being  eliminated'  so 
that  future  satellite  data  coverage  will  be  greatly 
improved  and  expanded. 

At  the  present  time,  the  data  received  from 
weather  satellites  enable  the  trained  analyst  to 
detect  and  track  tropical  and  extratropical  cy- 
clones; determine  positions  of  fronts,  troughs, 
and  ridges;  and  detect  Jetstream  positions.  For 
examples  of  satellite  photographs  and  nephanal- 
yses charts  with  corresponding  surface  charts, 
see  figures  40  and  41.  Much  progress  has  been 
made  in  estimating  wind  speeds  in  tropical  storms 
by  analyzation  of  cloud  patterns  around  the  vortex. 
Considerable  knowledge  has  been  gained  on  air- 
mass  identification  and  forecasting  winds,  shears, 
and  flow  patterns  using  satellite  data.  It  is  ex- 
pected, in  the  near  future,  that  data  received 
from  satellites  will  enaGle" analysts  to  determine 
cloud  tops  and  ocean  and  land  temperatures. 

MISCELLANEOUS  CHARTS 

Other  charts  used  by  weather  units  are 
the  freezing  level  chart,  which  indicates  the 
height  of  the  freezing  level;  the  precipitable  water 
analyses,  which"  indicates  the  moisture  content 
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Figure  40,—  Meteorological  satellite  photos,  nephanalyses  charts, 
and  surface  weather  analysis  (tropical  storms). 


from  the  surface  up  to  500  millibars;  the  stability 
index  chart,  which  outlines  areas  of  stability  and 
instability;  the  rainfall  and  snow  cover  chart; 
and  the  maximum  and  minimum  temperature 
chart* 

WEATHER  DEPICTION  ANALYSIS 

Weather  depiction  analyses  (figure  42)  drawn 
on  a  scale  of  1:10,000,000  are  issued  eight 
times  daily  (every  three  hours)  for  a  region 
covering  all  of  the  Contiguous  United  States. 
These  charts  are  based  on  hourly  aviationweath- 
er  ' reports  at  0100Z,  0400Z,  etc.  The  weather 


depiction  charts  are  transmitted  about  1  to 
1  1/2  hours  after  the  observation  time.  For 
example,  the  1300Z  chart  is  received  between 
1400 Z  and  1430Z,  This  chart  contains  the  follow- 
ing information:  * 

Valid  Time 

The  time  of  observation  in  Greenwich  Mean 
Time  is  plotted  in  the  lower  left  portion  of  the 
chart. 

Stations 

Weather  stations  are  represented  by  station 
circles  similar  to  the  station  circles  on  the. 
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Figure  41.—  Meteorological  satellite  photos  and  nephanalyses  and  surface 
weather  chart  (North  Pacific  frontal  system). 


surface  analysis.  Because  station  identifiers  are 
not  given,  you  must  rely  on  your  knowledge  of 
geography  to  identity  them.  . 

Sky  Coverage 

.  The  total  sky  coverage,  at  each  station  is 
reported  as  clear,  scattered,  broken,  overcast, 
or  obscured.  The  coverage  is  indicated  by  the 
following  symbols: 


Sky  Coverage 
Clear 

Partial  Obscuration— no  other  sky 
cover  layers  present 

Scattered  or  thin  scattered 

Broken  or  thin  broken 

Overcast  or  thin  overcast 


Symbol 

0  i 
o 

o 

9. 
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Sky  Coverage 
Overcast  with  breaks 
Obscured 


Cloud  Heights  and  (Jeilings 


Symbol 

© 

® 


\ 


If  a  station  is  reporting  only  scattered  clouds 
the  height  is  plotted  in  hundreds  of  feet  beneath 

the- station  circle.  Therefore*  10,  signifies  1,000 

3  © 

spattered,  45  signifies  4,500  scattered,  and  160 

signifies  16,000  scattered. 


If  the  sky  condition  is  indicated  as  broken, 
overcast  or  obscured,  the  height  of  the  ceiling 
is  given  under  the  station  circle  in  hundreds  of 

feet  above  ground  level.  Thus,  50  is  a  broken 

ceiling  at  5,Q0O  feet,  90  is  an  overcast  ceiline 

at  9,000  feet,  and  8  is  an  obscured  ceiling  at  800 
feet. 


Weather  and  Obstructions  to  Vision 

'  The  weather  depiction chartclassiffes  weath- 
er and  obstructions  to  vision  as  significant 
weather*  The  same  symbdls  that  appear  on 
teletypewriter,  are  used  on  the  Wteather  depic- 
tion chart.  Intensities  of  precipitation  and  thun- 
derstorms are  not  plotted*  Thus,  T+  is  plotted 
as  T  and  R-  as  R.  These  significant  weather 
elements  are  plotted  to  the  .left  of  the  station 
circle.  Following  is  a  list  of  the  significant 
weather 'symbols  used  on  this  chart; 


Symbol 

<  T, 
R 
L 
ZR 
2L 
,  S 


Meaning  . 

Thundersioiflxi,. 

Rain 

Drizzle 

Freezing  Rain 

Freezing  Drizzle 

Snow 


Symbol 

£ 
W 
H 
K 
-  F 
GF 
BD 
8N 
BS 


Meaning  .  - 

Sleet   ,  ' 

*Shower 

Haze 

Snaoke 

Fog 

Ground  Fog 
Blowing  Dust 
Blowing  Sand 
Blowing  Snow 
Clouds  topping  hearoy 
ridges 


♦Used  in  conjunction  with  R,  S  or  E  to  indicate 
type  of  shower;  e.g..  RW  for  rain  showers,  etc. 

Visibility 

When  the  visibility  is  ' 6  miles  or  leSs,  it  is 
indicated  to  the  left  of  the  station  circle  preced- 
ing the  significant  weather  symbols.  A  visibility 
value  always  appears  whenever  obstructions  to 
vision  are  reported,  but  may  be  missing  (to 
denote  7  mile%  ^or  better)  if  only  weather  is 
reported  Thus,  6F£  denotes  6  miles  in  fog, 
3TR#  denotes  3  miles  in  a  thunderstorm  and 
rain,  denotes  7  miles  or  better  in  rain,  and 
O  denotes  7  miles  or  better  with  no  significant 
weather. 

Isolines 

Continuous  lines  (either  solid  or  scalloped) 
outline  areas  where  conditions  at  stations  have 
specified  ceiling  and  visibility  conditions.  The* 
specified  conditions  are  given  below.  NOTE: 

.2  Smaller-scale  fluctuations  in  ceiUngs  and  visi- 
bility between  stations  due  to  variations  in  terrain, 

.  local  storms,  etc.,  are 'not  intended  to  be  por- 
trayed on  this  chart. 

t  Areas  Enclosed  *By  Solid  Line.-  Areas, 
where  all  stations  have  either  a  ceiling  less  th^n 
/  l,000^feet.  or  visibility  less  than  3  miles,  or 
both  ,  are  outlined  by  a  solid  line. 

♦ 

AreaS  Enclosed  By  Scalloped  Line.—  Areas 
where  all  stations  have  ceilings  from  1,000  feet 
to  and  including  5,000 .  feet  and  visibility  of  3 
miles  or  better  are  outlined  by  a  scalloped  line. 

Remaining  Area.—  Areas  that  are  not  oufc* 
lined  by  isolines  indicate  that  at  all  stations  the 
ceiling*  is  unlimited  wit{i  a  visibility  of  3  miles  or 
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Table  10.—  Symbolic  notation  used  on  weather  depiction  charts. 


Static*  Model 


Significant 
Weather 


Vlalbl 
to  6  ■l.<-— 


weatftj 

Hity  \ 


Total  Sky 
Cove rage 


u 

3W 


15 


Celling  height,  or  height  of 
lowest  scattered  layer  * 


Total  Sky  Coverage 
~  Q  Clear 

Scattered  , 
^  Broken 

O Breaks  In 
Overcast 

4fc  Overcast 

(^)  Obscured 


Significant  Weather 


L 

Drizzle 

f 

fog 

ZL 

freezing  Drizzle 

Zft 

Freezing  Rain 

Gf  * 

* 

Ground  Fog 

H 

Haze 

R 

Rain 

V 

Shower 

5. 

Sleet 

X 

Smoke 

s' 

Snow 

T 

Thunderstorm 

Clouds  topping 

i 

ridges 

AKALfSIS 


Ceiling  and  visibility  classes: 
 4  :  


I.    Ceiling  fee  low -1000-  feet  or 

visibility  below  3~mlles,  or  both 


Outlined 


2.    Celling  1000  to  5000  ft.  inclusive  Scalloped 
snd  t  Outline 

visibility  3  miles  or  greater 


Color  CodeTof 
Qn-Statlon  Shading: 


Red 


Blue 


Notes:  * 

1.  Precipitation  will  always  be  entered  when-reported  as  occurring  at  the 
station  at  the  time  of  observation,  except  that  no  more  than  two  symbols 
for  significant  weather  will  be  entered. 

2.  Obstructions  to  vision  oth?r  than  precipitation  will  be^ entered  when 
visibility  is  reduced  to  6  miles  or  less,  except  that  if  two  forms  of 

/precipitation  are  reported,  the  other  obstructions  to  vision  will  not  be 
j       entered.   .Haze  and  smoke  will  be  omitted  if  precipitation  is  reported. 

3.  Visibility  values  of  6  miles  or  less  will  be  entered  in  miles  and  fractions. 

4.  All  celling  heights  will  be  entered  In  hundreds  of  feet* 

5*    The  analysis  of  the  ceiiing-visibil ity  classes  wlfl  be  based  on>he 

reports  themselves  and  is  not  meant  to  Include  possible  between- 5  tat  ion 
orographic  effects,  or  even  systematic^ Interpolations  between  stations* 

*  6.    The  height  of  the  lowest  scattered  clouds  will  be  plotted  at  those 
stations  reporting  scattered  clouds  only. 


better,  or  the  ceiling  is  greater  than  5,000  feet 
with  the  visibility  of  3  miles  or  better. 

Table  10  summarizes  all  factual  information 
concerning  the  weather  depiction  chart. 

Alternate  Sources.—  Many  bits  and  pieces  of 
this  same  information  are  contained  in  various 
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observations  and  in  forecast  material,  but  the 
best  substitute  for  this  chart  is  one  plotted  and 
analyzed  at  the  station.  The  sky  condition^  cloud 
heights,  visibility,  weather  and  obstructions  to 
vision^can  be  plotted  from  the  hourly  aviation 
repdrts  from  Service  A  and,  once  the  plotting 
is  finished,  the  two  ceiling- visibility  classification 
areas  can  be  enclosed  by  the  proper  isolines. 
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RADAR  ANALYSES 

Charts  showing  the  distribution  of  radar 
echoes. are  sent  thirteen  times  daily,  for  00002, 
and  each  3  hours  plus  five  intermediate  charts/* 
These  charts  (figure  43)  are  prepared  from  the 
analyses  of  the  hourly  radar  reports  and  indi- 
cate the  location  and  coverage"  of  echoes  t&> 
ported,  echo  movements,  echo  tops,  -and  other 
pertinent  radar  information.  These  charts  orig- 
inate  at  Kansas  City,  Mo/ A  i:10,000,000-scale 
map  covering  an  area  east  of  the  Rocky  Mouii-  9 
tains  is  used  for  the  scheduled  summaries; 
selected  sections, are  used  for  the  intermediate 
charts. 

Valid  Time 

The  observation  time  in  Greenwich  Mean 
Time  Is  plotted  on  the  lower  left  corner  oTthe' 
chart. 

Legend 

A  legend  of  radar  types  is  transmitted  on 
each  chart  to  identify  the  radar  type  at  each 
site.  This  legend  appears  in  th&  lower  left 
portion  of  the  chart. 

Stippled  Areas 

Areas  where  there  is  no  radar  sampling 
due  to  absence  of  weather  radars  are  stippled. 
These  stippled  areas  include  all  points  more 
than  75  nautical  miles  from  a  WSR-1  or  -3 
radar  and  more  than  125  nautical  miles  from  a 
WSR-57,  CPS-9  or  SP-1  radar.  '  ^ 

Echo  Pattern 

U  the  radar  echoes  are  arranged  in  a  line, 
an  elongated  "rectangular  boxf1  1  is  used  to 
show  the  location  of  the  echoes.  If  the  echoes 
are  not  arranged  in  a  line,  scalloping  CCI^ZC3  - 
is  used  to  indicate  the  location  of  the  area  of 
echoes. 

Types  of  Echoes 

The  echoes  are  classified  as  cellular,  strat- 
ified, >or  a  mixture  of  cellular  and  stratified. 
Cellular  echoes  denote  vertically-developed 
clouds,  and  on  the  radar  summary  chart  the 
symbol" /"N  is  used  if  cellular  echoes  are  pre- 
dominant. Stratified  echoes  denote  horizontally- 
developed  clouds,  and  on  the  radar  summary 


chart  the  symbol  is  used  if  stratified  echoes 

are  predominant.  The  symbol  Q  ic  used  to 
identify  a  combination  of  cellular  *nd  stratified 
echoes  where  neither  is  predominant. 

Echo  Coverage 

The  following  symbols  are  used  to  denote 
the  number  of  tenths  echo  coverage  within  an" 
enclosed  area  or  line: 

Symbol         Tenths  Coverage  Called* 

©  Over  9/10  ^olid 

,©  6/10  to  9/10  broken 

0  1/10  to  5/10     *  .  scattered 

0  less  than  1/10         widely  scattered 

The  echo  type  is  plotted  above  or  bfclow  the 
echo  coverage  symbols.  For  example  ^  sig- 
nifies broken  cellular  echoes,  J£  signifies  solid 
stratified  echoes  and  ^signifies  scattered  cellu- 
lar and  stratified  echoes.  Sometimes  when  echoes 
are  cellular,  the  symbol  that  indicates  this  is* 
omitted*  Thus,©  signifies  broken  cellular  echoes, 
and  ©  signifies  solid  cellular  echoes. 

A  strong  or  very  strong  echo  identified  by 
only  one  radar  station'  is  shown  by  the  symbol 
•  .  A  strong  or  very  strong  echo  identified 
by 'two  or  more  radar  stations  is  shown  by  the 
symbol  ^ . 

Types  of  Surface  Weather 
Associated  with  Echoes 

The  surface  weather  associated  with  echoes 
is  Identified  by  these  standard  teletypewriter 
symbols:  * 


Symbol 

.Meaning 

R 

Rain 

RW 

Rain  showers 

S  * 

Snow 

E 

Sleet 

SW 

.  Snow  showers 

L 

Drizzle 

T 

Thunderstorm 

Intensity  and  Trend  of  Precipitation 

The  precipijtation  associated  with  an  area 
or  line  of  echoes  is  classified  according  to  its 
intensity  and  its  trend.  The  intensity  symbol 
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follows,  the  precipitation  symbol  and  the  trend 
symbol  .follows  the  -intensity;  The  intensity  is 
separated  from  the  trend  by  a  slant  bar.  Listed 
below  are  the  intensity  and  trend  symbols: 


INTENSITY 


Symbol 


(no  sign) 

+  o 

++ 


Meaning 

Very  light 
Light 
Moderate 
Heavy 

Very  heavy  (usually 
associated  with  severe 
weather) 

Unknown 


Movement  of  Echoes 

Echoes  may  have*  two  movements.  One  move- 
ment is  the  direction  and  speed  of  the  individual 
echoes,  and  the  other  is  the  direction  and  speed 
of  a  cluster  of  echoes  (line  or  area).  That  is, 
in  a  given  line  or  area,  the  echoes  might  be 
moving  to  the  northeast  while  the  line  yt  area 
is  moving  southeast.  Both  movements  are  rep- 
resented by  arrows;  the  echo  movement  is  shown 
by  a  number  at  the  head  of  an  arrow,  and  the  line 
or  area  movement  is  shown  by  barbs  at  the 
end  of  the  arrow*  Thus,-**  20  means  the  echoes 
are  moving  to  the  east  at  20  knots,  while  ^  > 
means  the  line  (or  area)  is  moving  to  the  east 
at  20  knots. 


TREND 


Symbol 


NC 
NEW 


Meaning 

Increasing 
Decreasing 
No  change 
New 


Thus,  R-./+  indicates  light  rain  increasing  in 
intensity;  TRW/NC  indicates  a -.thunderstorm 
and  moderate  rain  showers  showing  no  change 
in  intensity.  f  c 

Heights  of  Echo  Bases  and  Tops 

Heights  of  echo  bases  and  tops  are  denoted 
by  two  or  three  figures.  These  figures  represent 
hundreds  of  feet  above  sea  level.  A  line  be- 
neath the  numbers  signifies  that  the  value  rep- 
resents the  height  of  the  echo  tops  and  a  line 
above  the  number  signifies  that  the  value  ap- 
plies to  echo  bases.  Thus,  220  signifies  tops 
22,000  feet  MSL,  T20  signifies  bases  12,000 
feet  MSL,  and  ^330^  signifies  maximum  tops  at 
33,000  feet  MSL. 

Height  of  Melting  Level  9 

The  height  of  the  melting  level  is  represented 
by  three  numbers  above  a  wavy  line.  Thus, 
J2£  signifies  the  melting  ^level  is  at  12,500 
feet  MSU 


Additional  Information 


Sometimes  reports  from  a  particular  radar 
station  may  not  appear  on*  the  radar  summary 
chart.  Symbols  plotted  at  the  radar  station 
give  the  reasons.  Following  are  symbols  used 
and  their  meanings: 

Symbol  Meaning 

NE        No  echo  (equipment  operating 

but  no  echoes  observed) 
NA        Observation  not  available     *  * 
NO         Equipment  not  operating 
OM        Equipment  out  for  maintenance 

If  a  severe  weather  watch  bulletin  (WW) 
is  in  effect  at  the  time  of  issuance  of  the  radar 
•summary  chart,  the  area  affected  t  by  the  WW 
is  outlined  by  a  dotted  or  dashed  line.  The 
number,  and  valid  time  of  the  WW  is  entered 
on  the  chart  See  figure  44  for  a  complete 
resume  of  the  symbols  used  on  the  radar  sum- 
mary chart.  # 


Alternate  Sources 

The  same  data  used  in  the  make-up 'of  the 
radar  summary  chart  is.  available  on  Service  A 
in  the  form  of  a  .radar  summary  (SD-1).  The 
coded  radar  summary  is  sent  by  40  minutes 
past  each  hour. 
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EXPLANATION   OF   RADAR   SUMMARY  CHART 


_B  l**a  ai  act act 
•»••  acka>a» 

'  »—  •  tf«fcf>ajl«cka«»pfa4a«i*«* 

O  af  caHyW««*«1Hf »ft»>Ja<kaan« 

0  ava«  fcmtHi^  CalMi*  %*4  %u*i\U*4 
(JJ)  an  t(«ri(i|« 


(J)  1»  Jcmn  H 
lat»*»«*  I 


*yaibaUafay«aa1»* 
»y»balt,  r 

b'a««MC"*  . 

*M»ttty*f  calMa'  ackaa* 

»H«*f  *f  vaxy  Iff  ■»(  call  ids  Milia**  by  Unf 
nwy  »*»*€•»*»•«»  af  *»a     «a»a  »—t.am  »  ■ 

•  t«i« 

1  S«a» 
f  Sl..t 

sw  s*a*»  sk«»««  • 

L  O'ltfta 
T    IkyAda'tta*  m 


TY»f OF  SUIFaCJ 
^Wf  AlHfl  AS$odlAT£0 
WITH  ECHO  * 


—  —  vaiylifkt 

~  Iifkt 
Na  Sif  a  r>df>»ti 

*  kaavy 


INTENSITY  OF 
MECIflfATION 


Jv«f y  kaavy 

Ivftyally  »»»K  waoikar 


0  UmUma 


THaCEO  SECTION  OF  ft  AOAft  SUMMARY  CHART 
FOft  20452  ft  JAN  t»64 


*  iAC*aatiA( 

♦  —  iAciaaiiag  ttawty 

♦  *  incfaaiinf  japtaMy 

 dac«aatjiif  )U«ly 

—  ♦  dicdiiiAf  rapidly 
NC  m  cKanf  a 


OftOO 


Naia,  ika  lAtiaiity  fa*«1a«cy  tyaibal  ' 
i  tka  iAia««ity  af  ika 
practpitatia*  *y»bat  a«4  it 
pfacadaa4  by  •  ila»k 


tlW  ♦/»- 


Aft  1k»*Amn**m%  m*4 
hmwf  rm*  akawau  •*•  •ceiling 
wirii  a*  adta  «>«t  i'i  wvcraaiiftf 
■  U«lyt*i*la<iti<y 


kkk  ft  a  »f  ki  af  acka  lap* 

>kk,  naiMUM  hn|M  af  lap* 

kTTt  ka«fki  af  acka  baiai 

kkk  ka*gkl  al  malt'Af  laval 


HBGMTW 
HUMMED)  OF 
FEET  M  S I 


MOfTapJ 
lOOllasa) 


acka  laya*  alali  kaif  kfi  tnhvmdfdi 
af  faat  MSl  If  Uya«i  aUft  accwi  wilk 
alkar  ackaat,  ikaia  haif  kfi  will  ba 
p«aca«ia«f  by  ika  vara*i  partly  alaft 


call  mtvimiAl    » ik  tpaaa*  in  t«at* 
V*-  oia««'li«a  mavamaikf  |lO«tt  pa*  b*arb| 


NE   r»a  acko 


tf^ui^miAl  af«rat<Af  but 


na  ackaai  abiarvaaf 
NA  obiarvotion  «ata*a«labla 
NO  aquipmafltnat  apa«ai<ftf 
OM  aajuipmaM  awt  fa*  mamtanarfca 


A^po   of      AVIATION   SEVERE    WEATHER  f  0  R  E.C  A  S  T    .  w,ih  entry  0«  no   ono  vci  r  ' 


Figure  44.—  Explanation  of  radar  summary  chart. 
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Table        FaosirailQ  chart  legends. 


To  understand  fully  the  facsimile  charts,  you  must  know  the  meanings  of 
the  various  symbols  used  on  the  charts.  Some  of  the  symbols  shown  in  table  11 
are  well  known;  others  have  only  recently  come  into  common  usage. 


Symbols  most  generally  used  by*  the  National  Meteorological  Center: 
a.    Cold  front 


b.  Cold  front  aloft 

c.  Warm  front  ' 

d.  Stationary  front 

e.  Occluded  front 

f .  'Cold  frontpgenesia 

g.  Warm  frontogenesis 

h.  Stationary  front ogenes is 

i.  Cold  frontolysis 

j.  Warm  frontolysis  « 

k.  Stationary  frontolysis 

1.  Occluded  frqntAysis 

ra.  Instability  (squall)  linea 

n.  Trough 

o.  Ridge 


▼ 

V 

v  - 

V 

V 

v  ■ 

T 

_  A 

2, 


Table  11,—  Facsimile  chart  legends  (continued). 

Fronts  on  facsimile  charts  are  normally  labeled  with  a  three-^tat 
group  showing  type  of  front,  intensity  of  front*  and  -character  of 
front  (FtFjFc), 

*♦    Type  of  Front  (Fc) 
Code  .  _ 

Figure 

0  Quasi -^stationary  front 

1.  Warm  front  , 

2.  Warm  occlusion 

3.  Upper  warm  front 

4.  Cold  front 

5.  Cold  occlusion 

6.  Upper  cold  front 

7.  Instability  line 
S,f   Intertropical  front 
9.  Occlusion 


b. 


Intensity  ; of  front  (F^ 

Code 

Figure 

0  No  specification 

1.    Weak,  decreasing  (including  frontolysis) 
Weak,  little  pr  no  change 
Weak,  increasing  (including  f roritogenesis) 
Moderate,  decreasing  * 
Moderate,  little  or*no  change 
Moderate,  increasing 
Strong,  decreasing 
Strong,  little  or  no  change 
Strong,"  increasing 


2, 
3. 
4. 
5. 
6, 
7, 
8. 
9. 


c. 


Character  of  front  u:c) 

Code 

Figure 

0  No  specification 
I..    Frontal  activity 
Frontal  activity 
Frontai  actn/jty 
Intertropical 
Forming  or  existfeDdc 


2. 
3. 
4. 
5, 
6. 


are^docreasin^ 
area,  iiri/ie  change 
a'rea,  mcreas  trsg 


Quasi-stationary 
7^    With  waves 

8.  Diffuse 

9.  Position  doubrful 

National  Meteorological  Center  surface  plotting  model 


721 

'62 


Table        Facsimile  chart  legends  (continued). 

Types  of  lines 

—  500«mb.  contoursY  ^    on  vorticity 
— —  Vorticity  J  prqgs. 

b.  ——.  —  «-.   Intermediate  contours  and  isobars. 

c.  '  t>  Lines  depicting  flow  pattern.  ^  ^ 

d .  Height?  contours  or  surface  isobars. 

«.————  Average  vertical  wind  shear  in  the  UySr  of  maximum  wind. 

f.— Tp— Precipitation  areas  on  30-hour  prognosis;  areas -of  frozen 
.  precipitation  on  QPF  charts. 


Height  of  maximum  wind. 


h,  —       Isotherms  when  shown  on  upper^air  analysis. 

i.  *    Isotachs  when  shown  on  upper-air  analysis  and  progs. 

j.— »»  — *»  Jet  stream  or  axis  of  maximum  (50  knots  or  more)  wind  spee 


m. 

o. 


Isallobars  on  12-hr.  pressure  change 
chart. 


Zero  change 
Plus  change 
Minus  change 

Isollnes  of  equal  precipitable  water  (surface  to  500  mllll 
bars) 


Areas  of  forecast  showery  precipitation. 
1000-500-mb  thickness  lines. 
Forecast  precipitation  isohyets. 


p.  Forecast  snow  depth. 


Other  Fax  Symbols' 
a.  Icing 


Light 


4>.  Turbulence 


Moderate 


c.  thunderstorms. 


Moderate 


Severe 
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PROCESSING  OF  OCEANOGRAPHIC  DATA 


As  an  MST,  one  of  your  primary  jobs  is 
the  collection  and  the  processing  of,  .oceano- 
graphic  data*  To  accomplish  this  job  you  are 
required  on  many  occasions  to  expend  great 
amounts  of  time  and  personal  effort.  The  Coast 
Guard  has  also  expended  a  great  amount  of 
time  and  money  to  train  you,  to  provide  an  ob- 
servational platform,  and  to  position  that  manned 
platform  in  an  observational  area.  The  point  to 
be  made  is  that  the  data  collected  is  of  value, 
and  you,  as  an  MST,  shoulder  a  great  responsi- 
bility to  ensure  the  quality  of  the  data. 

QUALITY  CONTROL 

To  be  of  value,  data  gathered  must  be  as 
near  a  true  measure  of  the  property  under 
consideration  as  the  purpose  for  which  the 
results  are  being  used  require.  In  the  case  of 
survey  data,  the  end  use  of  which  may  not  be 
known  at  the  time  of  observation,  the  data  should 
be  a^near  the  true  value  as  the  instrumentation 
will  permit  in  order  to  ensure  maximum  future 
utility.  All  measurements  are,  in  reality,  only  a 
best  estimate  of  the  true  value  and  must  be 
considered  in  the  light  of  the  reproducibility  which 
"has  been  obtained.  It  must  be  assumed  that  all 
measurements  have  been  made  with  equal  care 
and  skill,  that  accidental  errors  have  been 
reduced  to  a  minimum,  and  that  systematic  errors 
have  been  eliminated.  Actually,  to  be  above 
reproach,  repeated  measurements  should  be  made 
of  each  sample  until  a  sufficient  number  of 
readings  are  availabe  to  establish  the  mean  and 
range  of  the  probable  error.  The  limited  time, 
money,  equipment,  and  personnel  as  well  as 
the  vastness  of  the  ocean  will  not  permit  this 
scientific  luxury  in  oceanography,  so  pome  meas- 
ure of  quality  control  is  required  to  ensure  that  ^ 
all  data  is  within  the  desired  limits  of  accuracy. 

1  Quality  control  is  a  series  of  techniques 
and  procedures  designed  to  maintain  the  required 
accuracy  of  observations  and  measurements  with- 
in specified  limits.  It  embraces  the  philosophy 
of  measurements,  and  its  success  is  equally 


dependent  upon  the  attitude  of  the  observer  or 
processor,  the  skill  of  the  observer,  the.  accu- 
racy of  the  instruments,  and  the  design  of  the 
sampling  program,,  It  is  analogous  to  quality 
control  of  a  manufacturing  process  where  the 
characteristic  of  a  product  is  maintained  within 
prescribed  limits  without  measuring  or  testing 
each  Item.  In  your  work,  the  product  is  data, 
and  a  quality  control  program  is  fc£tablished  for 
each  parameter  to  ensure  that  all  data  collected 
is  accurate  to  the  limits  of  the  instrument's 
calibration  and  characteristics,  the  skill  of  the 
operator,  and  the  designed  limits  of  the  sampling 
program. 

♦  A  list  of  definitions  are  offered  below  to 
assist  your  understanding  of  some  of  the  broader 
aspects  of  quality  control: 

Accuracy.— |  The  degree  of  conformity  of 
a  measure  to  a  s/tandard  or  true  value. 

Aliasing.—  Fictitious  cycles  or  features  in 
data  resulting  from  sampling  procedures. 

Calibration.—  The  comparison  of  an  instru- 
ment with  an  accepted  standard. 

Discrete  measurement.—  A  single  measure- 
ment made  without  relation  to  another  in  space 
or  time. 

Error.—  The  amount  of  deviation  f«rom  a 
standard. 

Precision.—  The  degree  pf  refinement  with 
which  an  operation  is  performecTor  a  measure- 
ment stated. 

Reproducibility.—  The  degree  to  which  suc- 
cessive readings  of  the  same  sample  or  a 
parameter  agrees 

Response  time.—  A  period  required  for  an 
instrument  to  adjust  to  a  change  in  environ- 
mental conditions  or  power  input. 
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Sensitivity,—  The  capacity  of  an  instrument 
to  respond  to  variations  in  environment  param- 
eters or  power  input. 

Time-series  measurements.—  Measure- 
ments made-  consecutively  with  spare  either 
being  constant  or  assumed  to  be  constant.  They 
are  usually  made  in  a  periodic  manner. 

t  Space-series  measurements*—  Measure- 
ments made  sequentially  in  space  with  time 
either  being  constant  or  assumed  to  be  constant. 

«r 

The  following  recommendations  apply  to 
time-series,  space-series,  and  discrete  meas- 
urements to  satisfy  quality  control  requirements 
for  such  measurements: 

1.  All  readings  shall  be  made  only  to  the 
smallest  unit  consistent  with  the  instrument 
.graduation,  _e.g.,  0.02*  C.  on  reversing  ther- 
mometers with  0.2*  C.  graduations. 

2.  Measurements  shall  only  be  made  to  the 
limit  of  an  instrument's  calibration. 

^3.  If  two  observers  are  present,  each  shall 
make  readings  independent  of  the  other.  .Differ- 
ences shall  be  resolved  on  the  spot. 

Whenever  possible,  check  instruments  by 
frequent  simultaneous  "  measurements  of  the 
same  sample  or ,  parameter.  In  reference  to 
data  recording,  each  time  data  is  recorded  or 
transcribed  from  one  record  to  another,  1001 
verification  is  required. 

Keep  a  station  narrative  with  all  data  collec- 
tions. This  narrative  enables  data  processors  to 
resolve  minor  prpblems  or  questions  that  may 
arise  during  processing.  The  more  thorough  tlje 
narrative,  the  better.  Enter  any  information  that 
may  prove  useful*  later;  and  if  there  is  any  doubt 
about  a  data  entry,  make  the  entry  anyway. 
Excess  information  is  better  than  lack  of  infor- 
mation* 

PROCESSING  SALINITY  DATA 

In  the  Coast  Guard,  salinity  samples  are 
processed  by  an  inductive  salinometer.  The 
models  used* for  this  purpose  a^e  the  RS-7A, 
RS-7B,  and  Hytech  6220.  Iq  this  course,  we 
have  previously  discussed  the  6220*3  general 
characteristics,  .The  following  comments  are  of 


a  general  nature  covering  the  setting  up  of  a 
salinometer,  the  associated  calibration,  and  the 
processing  of  samples. 

SETTING  UP  THE  SALINOMETER 

Set  up  the  salinometer  in  a  rack  secured 
to  the  work  table  to  be  used  so  thepre  is  adequate 
room  beneath  the  instrument  for  the  bottles  to 
be  filled  and  for  a  drain  bucket*  Remove  the 
front  cover  and  connect  the  power  cord  to  the 
power  supply.  ,  While  the  standard  source  of 
power  is  60  cycle,  115  VAC,  the  6220*  has  a 
switching  action  that  will  allow  230. VAC  to  be 
us^d.  Note  that  a  three- wire  cord  is  used  to 
allow  for  adequate  instrument  grounding.  Turn 
on  the  salinometer  at  least  two  hours,  preferably 
four  Ijours,  prior  to  processing  salinity  samples. 

PRELIMINARY  CHECKOUT 

A  preliminary  checkout  of  the  salinometer  is 
recommended  after  you  have  set  up  the  instru- 
ment. Prior  to  applying  power  to  the  instrument, 
check  the  NULL  INDICATOR  pointer  to  ensure 
that  it  reads  exactly  zero.  If  the  pointer  does 
not  read  zero,  adjust  the  small  screw  below 
the  pointer  to  zero  ij.  It  should  be  noted  here 
that  any  rubbing  of  the  meter  cover  might  create 
a  static  charge  which  deflects  the  meter.  You 
can  remDve  this '  charge  by  -breathing  on  the 
meter  cover. 

Now  turn  the  power  switch  to  the  on  position 
and  allow  one  minute  for  the  instrument's  cir- 
cuits to  "stabilize.  You  can  checlj:  the  circuit  bal- 
ance by  observing  the  NULL  INDICATOR.  With 
CONDUCTIVITY  RATIO  dials  set  to  0.00000,  the 
FUNCTION  SELECTOR  set  on  SALINITY,  and 
an  empty  cell,,  the  NUI,L  INDICATOR  should 
read  zero.  The  pointer*  may  be  off  the  zero 
mark  up  to  qne  large  division  before  any  further 
adjustment  is  necessary. 

The.  next  step  *s  to  check  for  meter  sensi- 
tivity. First  set  the  STANDARDIZATION  dials 
to  read  5000;  then  adjust  the  CONDUCTIVITY 
RATIO  dials  to  read  0.00010.  The  pointer  de-  . 
flection  should  be  between  1  and  1  1/2  £mall 
divisions.  Continue  to  adjust  the  CONDUCTIVITY 
RATIO  dials  to  read  0.00020,  0.00030,  0.00040, 
and  0.00050;  with  each  setting  the  deflection 
should  be  the  same  as  the  f(rst  deflection  or.~ 
linear  in  nature  if  the  correct  sensitivity  is 
observed. 


PROCESSING  SAMPLES 

After  the  instrument  has  had  the  required 
time  to  wa'rm  up,  you  are  ready  to  process 
samples.  To  allow  for  cell  temperature  equilib- 
rium and  to,  ensure  that  there  are  minimal 
salinity  differences,  rinse*  the  cell  and  drain 
it  several  times  prior  to  standardizing  the 
instrument.  Standard  Copenhagen  Water  retained 
from  previous  salinity  runs  is  recommended  for 
this  purpose.  If  no  Standyrd  Sea  Water  is  avail- 
able for  the  first  run,,  use  any  room  temperature 
sea  water.  The  following  procedures  are  recom- 
mended: 

1.  Place  the  fill  tube  in  the  rinse  sample. 
Avoid  touching  that  portion  of  the  fill  tube  that 
is  immersed  into  the  sample  bottle.  Also,  avoid 
ihtroducing  into  the  sample  any  salt  deposit 
thai  may  have  formed  on  the  threaded  portion 
of  the  sample  bottle. 

2.  Position  the  three-way  valve  to  permit" 
the  sample  to  flow  through  the  fill  tube  into 
the  sampling  cell. 

3'.  Set  the  STIR/FILL  switch  to  FILL  and 
adjust  the  fill  knob  to  a  normal  rate  of  filling. 
Avoid  filling  the  cell  too  rapidly,  because  this 
action  tends  to  induce  bubble  formation  result- 
ing in  an  iijgomplete  rinsing  of  the  sample  cell. 

4.  Fill  the  cell  until  the  sample  starts  to 
enter  the^air  tube  at  the  top  of  the  sample  cell. 
Allow  some  of  the  sample  to  pass  through  the 
air  tube  to  ensure  adequate  rinsing  of  the  stir- 
rer. Close  the  three-way  valve  to  retain  the 
sample  in  the  cell. 

5.  Set  ^he  STIR/FILL  switch  to  STIR  for 
a  few  seconds  to  thoroughly  mix  the  rinse 
sample.  J 

6.  Position  the  three-way  valvetto  drain 
the  sample  from  the*  cell.  Repeat  the  rinsing 
cycle  at  least  four  times. 


To  ensure  thorough  emptying  of  the  cell 
and  drain  tube,  leave  the  three-way  valver  open 
-follpwing  each  draining.  Then  make  a  visual 
check  to  ensure  that  all  of  the  sample  has 
drained  before  inserting  the  fill  tube  for  another 
sample.  After  the  last  filling"  of  the  cell  from 
each  sample,  turn  the  three-way  valve  to  the 


position  used  to  fill  the  sample  cell.  Thesample. 
will  then  drain  back  into  the  sample  bottle 
by  gravity  and  allow  complete  .rinsing  of  the 
fill  tube. 

You  are  now  ready  to  standardize  the  salin- 
ometer.  First  determine  the  conductivity  ratio 
setting  for  the  Standard  Copenhagen  Water  used. 
Use  the  formula  SALINITY  »  1.80655  x  CHLOR-~ 
INITY.  jLook  up  the  conductivity  ratio  from 
tables  in  the  manufacturer's  instruction  fbook 
based  on  computed  salinity.  Set  the  value  ob- 
tained on  the  CONDUCTIVITY  RATIO  dials. 
Fill  out  the  Salinity  and  Conductivity  Ratio 
sections  of  the  heading  on  the  log  sheet  with 
these  computed  values..  Write  the  chlorinity  value 
used  in  the  upper-  left-hand  corner  of  the  log 
sheet  for  further  reference. 

The  sample  cell  is  filled  6y  gravity  directly 
from  the  Standard  Water  ampule.  During  stand- 
ardization do*  not  fill  "the  sample' cell  by  pump- 
ing. Be  sure  to  wipe  off  both  ends  of  the  ampule 
priof  to  inserting  one  end  of  the  ampule  into 
the  filling  tube.  This  action  will  reduce  the 
chance  of  contaminating  the  sample.  A  tight  fit 
.  of  the  filling  tube  on  the  ampule 'is  required.  A 
piece  of  tubing  of  smaller  size  must  be  used 
with  the  6220  to  ensure  such  a  fit. 

Now  you  are  ready  to^energize  the  stirrer. 
While  the  sample  is  being  "stirred,  set  the 
FUNCTION  SELECTOR  swftch"  to  TEMPERA- 
TURE. Read  the  temperature,  to  the  nearest 
one-hundredth  on  the  RS-7A  and/or  RS-7B  and 
to  the  nearest  one-tenth  on  the  6220.  Read  the 
temperature  value  directly  from  the  NULL  INDI- 
■  CATOR  on  the  6220;  however,  read  the  RS-7A 
and  RS-7B  temperature  values  from  dials ,used 
to  zero  the  NULL  INDICATOR*  These  two  models 
also  require  an  adjustment  on  the  TEMPERATURE 
COMPENSATION  dials  as  outlined  in  the  manu- 
facturer's instruction  book.  After  obtaining  the 
temperature  reading,  set  the  FUNCTION  SELEC- 
TOR to  SALINITY  on  the  RS-7A  and  RS-7B. 
The  salinity  switch  on  the  6220  is  automatic. 

Now  that  you  have  properly  rinsed  the 
salinofnSter's  cell  and  have  determined  a  sam- 
ple's temperature,  fill  the  cell  with  a  second 
sampfe  and  adjust  the  STANDARDIZATION  qon- 
trols  until  a  reading  of  zero  is  indicated  on 
the  NULL  INDICATOR.  Three  different  sample 
readings  are  'required  from  the  STANDARDIZA- 
TION controls.  These  readings  must  agreewithin 
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three  digits;  if  not,  repeat  the  above  procedure 
until  you  obtain  three  consecutive  readings  with- 
in three  digits.  Average  tfie  three  readings  to 
be  used  and  set  the  STANDARDIZATION  dials 
on  the  salinometer  to  this  value.  The  stand- 
ardization setting  is  not  changed  during  'the 
processing  of  samples  EXCEPT  in  the  following 
cases:  b 

1.  1^  the  power  is  removed  from  the  instru- 
ment for  any  reason. 

2.  If  the  temperature  of  the'sample  varies 
more  than  2.5#  C.  from  the  standardization  tem- 
perature. 

"3.  If  the  Standard  Water  processed  as,  an 
unknown  differs  from  the  standardization  con- 
ductivity ratio  by  more  than  the  following  amounts: 

a.  RS-7A  or  RS-7B  -0.00050 

b.  6220  -  0.00030 

Record  the  standardization  setting  to  Jbe 
uded  on  the  log  sheet.  (See  figure  46.)  if  more 
than  one  log  sheet  is  required  for  a  particular 
salinity  run,  record  the  standardization  value 
at  the  beginning  of  each  log  sheet  used.  This 
value  does  not  require  recording  with  each 
individual  sample  of  the  same,  salinity  run; 
however,  any  pertinent  remarks,  such  as  bub- 
bles, insufficient  sample, 'or  mud  in  sample  can 
be  entered  in  the  "carboy  standardization"  col- 
umn next  to  the  sample  number  and  temperature 
data. 

The  sample  to  be  measured  Jtould  be  within 
.1  or  2  degrees  of  the  Standard  Water's  tem- 
perature at  the  time  of  standardization  of  the 
salinometer  and  should  tfEVER  EXCEED  a  tem- 
ratwre  djffergnce  of  2.5#  C. 

!pTo  ensure  a  - thorough  mixing  of  the  sample 
to  be  run  and  to  help  eliminate  bubbles  in  the 
sample  cell,  shake  each  samfta^vigorously  prior 
tq  pumping  each  into  the  samptescell.  Pump  the 
sample  into  the  cell  until  the  celV  is  full;  then 
stir  the  sample,  read  the  sample's  ft^mperature, 
,  turn  the  stirrer  off,  drain  the  sampfe\cell  into 
a  bucket,  and  record  the  sample's  tempMRture 
on  the  log  sheet  next  to  the  sample  number. 
Refill  the  sample  cell,  stir  the  sample,  adjust 
the  CONDUCTIVITY  RATIO  dials  until  the  NULL 
INDICATOR  reads  zero,  turn  the  stirrer  off, 


drain  the  sample  cell  invo  a  bucket,  and  refcord 
the  conductivity  value  on. the  Jog  sheet  (figure 
46),  Refill  the  sample/cell  i  third  time  and 
follow  the  above  procedure  until  two  successive 
fillings  agree  within  10  units  of  conductivity 
ratio  (0.00010).  It  is  not  necessary  to  repeat 
the  temperature  measurement  with  the  refills 
of  the  same  sample.  After  reading  the  last 
filling  of  the  cell  and  determining  its  validity, 
turn  the  three-way  valve  to  the  FILL  position. 
The  sample  will  drain  back. into  the  sample 
bottle  by  gravity  and  allow  the  fill  tube  to 
empty  comptetelyv 

Run  four  water .  samples  after  you  have 
standardized  the  salinometer.  Then  run  a  Stand- 
ard Water  sample  as  an  unknown.  If  the  con- 
ductivity ratio  reading  of  this  sample  is  within 
the  limits  previously  mentioned^continue  the 
processing  of  additional  water  samples;  other- 
wise, you  must  restandardize  the  salinometer 
and  run  four  more  water  samples  and  then 
run  another  Standard  Water  ^as  an  unknown. 
When  the  salinometer  is  functioning' properly, 
you  may  run  29  additional  samples  between 
samplings  of  the  first  Standard  Water  run  as 
an  unknown  and  the  n,ext  Standard  Water  run 
as  an  unknown.  You  may  continue  this  proce- 
dure as  long  as  the  conductivity  ratio  readings 
of  the  unknown  do  not  exceed  the  standardization 
readings  by  the  values  set  for  the  salinometer 
model  being  used.  Always  run  a  Standard  Water 
as  an  unknown  at  the  completion  of  a  day's 
salinity  run. 

COMPUTING  SALINITY- VALUES  . 

Use  the  information  recorded  on  the  salinity 
log  sheet  to  compute  salinity  values  for  the 
water  samples  that  you  have  processed  on  the 
salinometer.  This  information  consists  of  sample 
number,  sample  temperature,  and  sample  con- 
ductivity ratio  readings.  Use  an  average  of  the 
conductivity  ratio  readings  in  conjunction  with 
a  salinity  conversion  *  table  in  the  rear  of  the 
salinometer  manual  or  folder  provided  with 
the  instrument  used  to  process  the  samples. 

Enter  the  value  obtained  from  the  salinity 
table  on  the  log  sheet  in  the  column  labeled 
"uncorrected  salinity.0  The  value  to  enter  for 
salinity  is  an  interpolated  value,  because  the 
conductivity  ratio  value  is  a  five-place  decimal 
and  the  conductivity^* ratio  given  in  the  table 
is  given  to  four  decimal  places  only. 
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Figure  46.—  Sample  Inductive  Salinometer  Salinity  Log  Sheet. 
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Figure  46,—  Sample  Inductive  Salinometer  Salinity  Log  Sheet. (continued), 
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Two  additional  corrections  are  required  to 
compute  a  corrected  salinity  value.  These  cor- 
rections are  temperature  and  shear  (drift).  Enter 
both  of  these  corrections  as  a  three-place  decimal, 
either  positive  or  negative  in  value.  Derive  the 
correction  for  temperature  from  a  temperature 
correction  table  in  the  salinometer  manual  or 
folder  that  is  supplied  with  each  instruments  To 
obtain  the  shear  correction*  compute  the  differ- 
ence between  the  Standard  Water  used  for  stand- 
ardizing the  instrument  and  the  Standard  Water 
run  as  an  unknown  sample  or  the  difference 
between  two  Standard  Waters  run  as  an  unknown. 

\ 

Referring  to  the  salinity  log  shown  in  figure 
46,  compute  the  shear  corrections  as  follows;. 


1.  Compute  the  difference  in  salinity  values 
between  the  original  standardization  value  and 
the  first  Standard  Water  .  sample  run  as  an 
unknown: 

First  P-40    *  35.002 

Second  P-40       35*004   (value  after  correction 
-0.002    for  temperature) 

2.  Count  the  number  of  samples  to  be 
sheared.  The  total  is  5  samples— samples  #1, 
#2,  #3,  #4,  and  P-40-in  this  case/ 

3.  Divide  the  number  of  samples  into  the 
amount  of  shear  between  the  first  and  second 
P-40: 

-0.002         9  -0.0004 

4.  Add  this  correction  for  shear  to  each 
uncorrected  salinity  value  in  a  cumulative  manner, 
rounding  off  the  correction  to  three .  decimal 
places.  In  our  example  in  figure  46,  the  shear 
correction  of  the  first  P-40  is  0.000,  sample  #1 
is  0.000,  sample  #2  is  -0.001,  sample  #3T  is 
-0.001,  sample  #4  is  -0.002,  and  the  second 
P-40  is -0.002. 

If  a  second  or  third  set  of  corrections  is, 
required,  the  procedure*  is  the  same  as  the 
previous  example.  The  difference  to  be  deter- 
mined now.is  between  two  Standard  Waters  run as_ 
unknowns.  Refer  to  our  example  in  figure  46: 

1.  Determine  the  difference  between  Stand- 
ard Waters  run  as  unknowns: 


Second  P-40  35.004 
Third  P-40  35.008 
-0.004 

3.  Count  the  number  of  samples  run:  #5, 
#6.  ...  #32,  #33,  and  third  P-40.  The  tptal  is 
30  samples. 

3.  Divide  the  number  of  samples  into  the 
amount  of  shear.   ^  • 

-0.004  -r  30  »  -0.00013 

4.  Add  this  correction  for  shear  to  each 
uncorrected  salinity  value  in  a  cumulative  man- 
ner, rounding  off  the  correction  to  three  decimal 
places  and  adding  the  rounded  correction  to 
the  shear  value  of  the  previous  sample's  cor- 
rection. In  our  example  in  figure  46,  the  shear 
correction  for  sample  #10  is  6  x  -0.00013  ■ 
-0.00078  (the  number  of  samples  times  the 
amount  of  shear),  or  -0.001  +  -0.002  (the  value 
of  the  previous  sample)  *  -0*003;  sample  #20 
is  -0.004;  sample  #30  is  -0.005;  and  sample 
P-40  is  -0.006. 

The  corrected  salinity  value  is  the  sum  of 
the  temperature  correction'  &nd  the  shear  cor- 
rection added  to  the  uncorrected  salinity  value 
algebraically.  In  the  case  of  sample  #33  in  figure 
46;  the  corrected  salinity  value  is  computed 
as  follows: 

34.074  +  (-0.002)  +  (-0!006)  »  34.066. 

The  processing  of  salinity  samples  is  not 
difficult,  but  you  must  be  very  careful  about 
the  manner  in  which  you  handle  the  data  ob- 
tained during  the  processing.  Exercise  care  when 
recording  the  sample's  number,  temperature, 
conductivity  ratio  readings,  uncorrected  salinity 
value,  temperature  correction,  shear  correction, 
and  corrected  salinity.  At  no  time  should  you 
erase  ANY  figures  used;  if  a  figure  is  in  error, 
draw  a  single  line  through  the  erroneous  figure 
and  enter  the  correct  figure  above  the  erroneous 
figure.  , 

MODIFIED  WINKLER  METHOD  FOR 
DISSOLVED  OXYGEN  ANALYSIS 

DISSOLVED  OXYGEN  IN  SEA  WATER  * 

.  The  concentration  of  dissolved  oxygen  in 
sea  water  may  vary  from  supersaturation  near 
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the  surface,  where  photosynthetic  activity  by 
the  phytoplankton  is  very  high,  to  no  oxygen  in 
stagnant  basins  or  deep  fjords.  The  values, 
therefore,  -may  be  anything  from  0  to  10  milli- 
liters or  more  per  liter  of  sea  water. 

The  analysis  for  dissolved  oxygen  in  sea 
water  is  impprtant  for  numerous  reasons:  it 
aids  in  the  interpretation  of  biological  processes 
taking  place  in  the  ocean;  it  is  finding  increased 
use  in  studies  of  oceanic  current  and  mixing, 
processes;  and  it  is  sometimes  used  as  an  index 
for  detecting  m afunctional  sampling  equipment 
and  erroneous  values. 

BASIS  OF  THE  WINKLER  METHOD 

In  waters  which  are  relatively  free  of  such 
substances  as  nitrites,  ferrous  salts,  and  organic 
matter,  the  Winkler  method  may  be  used  for 
determining  dissolved  oxygen.  These  conditions 
are  usually  found  in  most  areas  of  the  open 
ocean.  While  the  chemical  reactions  involved  in 
this  analysis  are  rather  complex  and  the  complete 
reaction  unknown,  the  analysis  itself  is  not 
difficult  to  perform  if  the  necessary  precautions 
are  taken  in  preparing  the  reagents,  cleaning  the 
glassware,  and  carrying  out  the  treatment  of 
the  samples  and  the  titrations. 

The  Winkler  method  requires  that  the  sample 
be.  treated  vfith  an  alkaline  manganous  solution 
while  protected  from  oxygenation  by  air^  A  white 
x.precipitate  of  manganous  hydroxide  forms  first: 

Mn**  +  20H*  »  Mn(OH)2 

This  precipitate  rapidly  turns  brown  in  the 
presence  of  dissolved  oxygen,  which  reacts  with 
the  manganous  hydroxide  to  form  a  tetravalent 
manganese  compound: 

2Mn(OH)2  +  O2  »2MnO(OH)2 

When  this  solution  is  acidified  to  excess 
in  the  presence  of  an  iodide,  iodine  is  released 
quantitatively;  i.e.,  free  iodine  (more  correctly, 
triiodide  ion)  is  liberated  from  the  iodide  which 
is  equivalent  to  the  amount  of  dissolved  oxygen 
present  in  the  sample: 

MnO(OH)2  +  4H*  +  31"*  — *Mn++  +  I3  +  3H20 . 

This  free  iodine  (or  triiodide  ion)  is  titrated 
with  a  standardized  solution  of  sodium  thiosulfate: 


I2  +  l~+=±ll 

1^  +  2S20^"— >3f  +  S406~ 

APPARATUS  AND  GLASSWARE  - 

A  list  of  recommended  apparatus  and  glass* 
ware  was  given  in  the  pamphlet  on  Instruments 
and  Equipment.  That  list  constitutes  a  minimum 
requirement  for  an  effective  oxygen  analysis 
program  aboard  ship.  Duplication  of  certain  items 
is  necessary  because  of  their  fragile  nature. 
Spares  must  be  carefully  packed  and  stowed  in 
safe  areas.  In  addition,  the  following  instruc- 
tions concern  the  modification  and  proper  use 
of  several  items. 

Light- Proofing  Reagent  Containers 

Certain  reagents  will  undergo  photochemical 
reactions  upon  exposure  to  light  and  must  be 
shielded. 

Manganous  Sulfate  and  Alkaline  Iodide' Re- 
agent Bottle^.—  It  is  frequently  convenient  to 
keep  these  two  reagents  near  the,  Nansen  bottle 
rack  for  treating  the  dissolved  oxygen  samples 
immediately  after  collection.  Two  500-ml  poly- 
ethylene bottles  are  best  suited  for  this  purpose. 
Keep  them  in  a  well-shaded  area  and  light- 
proof  them  by  spray  painting  their  exterior 
surfaces  with  black  paint.  The  alkaline  iodide 
reagent  is  especially  susceptible  to  photo- chem- 
ical change.  Label  the  bottled  clearly  to  avoid 
confusion,  since  the  order  in  which  they  are 
used  is  critical. 

0.01  N  Sodium  Thipsulfate  Bottle.—  Spray 
a  one-gallon  polyethylene  bottle  with  black  paint 
for  use  with  this  reagent.  Keep  it  in  a  shaded 
area  of  th£  laboratory. 

Potassium  Biiodate  Bottle.—  This  reagent  is 
usually,  already  supplied  in  a  dark  colored  con- 
tainer. Dilutions  of  the  stock  material  must 
also  be^  stored  in  dark  colored  containers. 

Volumetric  Glassware 

This  term  '  applies  to  glassware  that  has 
been  carefeilly  constructed  to  measure  precise 
and  accurate  volumes  of  liquid. 

Volumetric  Flasks.—  This  type  of  flask  has 
a  flat  bottom,  wide  base,  and  a  long  narrow  neck, 
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on  which  a  ring  mark  had  been  etched.  They 
are  designed  to  contain  the  amount  s*pecified 
when  ftlleji  to  the  ring  mark  with  the  liquid 
meniscus  just  tangent  to  the  line.  (See  figure 
47.)  . 

.    Volumetric  Pipets.-  This  type  of  pipet  is 
characterized  by  a  bulbous  center  section  and 
a  rif||*mark  etched  on  the  tube  above  it.fSee 
figure  48^  They  will  deliver  the  specified  volumes 
when  used  correctly.  Fill  the  pipet  by  immersing 
the  i  tip  in  liquid  and  drawing  the  solution  up 
past  the  ring  mark  with  the  aid  of  a  rubber 
squeeze  bulb.  Then  remove  the  bulb  and  quickly 
cover  the  end  of  the  pipet  with  the  index  finger 
to  prevent  drainage.  Withdraw  the  tip  and  wipe 
the  outside  surface  of  the  pipet  with  a  tissue. 
Adjust  the  liquid  in  the  pipet  by  slowly  and  care- 
fully venting  the^pipet  until  the  meniscus  is  just 
tangent  to  the  ring  mark.  You  may  wipe  off  the 
tip  again,  but  do  .not  touch  the  tissue  to  the 
orifice.  When  draining,  vent  the  pipet  and  hold 
the  tip  above  the  liquid  surface  in  the  con- 
-  tainer.  You  may  transfer  a  droplet  hanging  from 
the  tip  after  draining  to  the  rest  of  the  liquid  by 
touching  the  tip  to  the  container  wall.  Do  not 
remove  the  -small  amount  of  residual  liquid 
remaining  within  the  tip  itself. 

Automatic'  Pipets.—  Automatic  pipets  are 
similar  to  the  volumetric  pipets  described  above 
except  for  a  stopcock  assembly  located  near  the 
top  above  the  bulb.  fSee  figure  $1)  The  stopcock 
eliminates  manual  adjustment  of  the  liquid  level 
to  a  ring  mstrk.  The  liquid  is  drawn  into  the 
pipet  by  applying*  suction  front,  a  vacuum  line  to 
the  tfip  of  the  pipet  with  the  stopcock\ligned 
in  the  fill  position.  When  the  liquid  level  Vises 
in  the  stopcock  bore,  it  is  turned  90#  Q>  the 
'    off  position.  The  pipet  now  contains  the  exact 
amount  of  liquid  specified  and  all  that  is  required 
before  draining  is  wiping  the  surface  with  a 
tissue.  Draining  is  accomplished  by  turning  the 
stopcock  180*  from  the  fill  position.  This  will 
align  an  air  vent  channel  and  allow  free  drainage. 
Since  the  stopcock  is  constructed  of  ground 
glass,  it  must  be  properly  greased  for  smooth 
operation.  A  thin,  light,  even  coating  of  silicone 
stopcock  grease  will  suffice.  Excess  grease  will 
clog  the  vent  channel  and  prevent  its  operation. 

Automatic  Burette.—  The  automatic  burette 
consists  of  a  long  graduated  tube  with  a  three- 
way  teflon  stopcock  at  the  bottomXSee  figure  51.) 
The  stopcock  makes  alternate  connections  with 


the  tip  and  filling  arm.  The  top  of  the  burette 
contains  an  overflow  chamber  having  an. over- 
flow spout  and  draining  arm.  When  the  stopcock 
is  aligned  in  the  fill  position,  the  liquid  rises 
in  the  tube  by  gravity  and  will  overflow  the  spout 
at  the  top.  Cut  off  the  flow  by  turning  the  stopcock 
90°  to  misalign  its  bores.  Then  turn  the  stopcock 
another  90#  to  align  the  bores  in  the  drain  posi- 
tion just  long  'enough  to  allow  some  of  the 
liquid  to  run  out  of  the  tip.  Wipe  off  excess 
liquid  on  the  surface  of,  the  tip  with  a  tissue. 
Do  not  touch  the  orifice^  with  the  tissue.  Again 
turn  the  stopcock  to  the  fill  position  ju£t  long 
enough  to  allow  a  few  drops  to  overflow  at  the 
top.  The  burette  is  now  properly  filled  and  zeroed. 
The  volume  of  the  liquid  used  when  titrating  is 
read  directly  off  the  scale  along  the  bottom 
of  the  meniscus.  The  ten-ml  automatic  burette 
is  calibrated  with  small  scale  divisions  of  0.05 
ml  and  may  be  accurately  read  to  0,01  ml, 
(See  figure  49^  Teflon  stopcocks  are  never  greased. 

Automatic  Plunger- Type  Pipets 

This  type  of  pipet  consists  of  a  tapered 
nozzle  glass  barrel  affixed  to  a  metal  casing 
which  houses  a  small  rubber  bulb  and  adjust- 
able plunger  assembly.  You  may  adjust  them  to 
draw  and  deliver  up  to  two  ml  of  liquid  by  setting 
the  side  slots  and  thumb  screw  on  the  plunger. 
Find  the  correct  setting  for  the  desired  amount 
of  liquid  by  trial  and  error.  Use  a  ten-ml 
graduate  to  check  on  the  volumes  at  each  setting. 
Two  of  these  pipets,  set  to  one  ml,  are  used  with 
the  manganous  sulfate  and  .alkaline  iodide  re- 
agents contained  in  the  black  plastic  bottles  by 
the  Nansen  rack.  They  may  be  conveniently 
rigged  for  using  the  reagents  and  sealing  the 
bottles  afterwards  by  fixing  a  one-hole  rubber 
stopper  on  each  of  the  barrels.  (See  figure  50^ 
The  stopper  should  make  a  tight  fit  with  the 
bottles.  Another  pipet  must  be  set  to  two  ml 
for  use  with  acid.  No  rubber  stopper  is  required 
for  this  one,  and  it  must  be  removed  from 
contact  with  this  acid  and  rinsed  after  use  to 
prevent  corrosion.  r 

Oxygen  Sample  Bottles 

Serially '  number  the  125-ml  oxygen  bottles 
and  attach  rubber  ties  to  the  caps  and  necks. 
It  is  advisable  to  construct  a  sectioned  carrying 
case  out  of  wood  for  transporting  about  16 
oxygen  samples  between  the  bottle  rack  and  lab. 
Determine  the  bottle  volume  once  by  filling 
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Figure  51.—  Complete  laboratory  setup. 
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any  one  of  the  bottles  to  overflow  with  tap 
water.  Seat  the  ground  glass  stopper,  remove 
the  volume,  and  measure  it  by  pouring  the  contents 
into  a  graduated  cylinder.  This  is  tjhe  value  of 
MB"  to  be  used  in  the  formula  given  later  for 
oxygen  calculations. 

Apparatus  Set  Up 

The  complete  laboratory  set  up  is  shown  in 
figure  51  and  is  described  below. 

Sodium  Thiosulfate  Reservoir-  Automatic 
Burette.—  Insert  a  two-hole  rubbed  stopper  in 
^the  neck  of  the  sodium  thiosulfate  bottle.  Through 
one  of  the  iftles  insert  a  section  of  bent  glass 
tubing  with  the  bend  above  the  stopper.  The 
straight  end  within  the  bottle  should  extend  to 
the  bottom  of  the  container.  Either  a  single 
piece  of  glass  tubing  may  be  used,  or  the  sec- 
tion extending  to  the  bottom  of  the  bottle  may 
be  made  out  of  clean  3/8M  tygon  tubing  and 
joined  to  the  shorter  glass  tube  in  the-stopper« 
Join  the  external  end  of  the  bent  glass  tube 
to  a  length  of  3/8"  clean  tygon  tubing  which  you 
connect  to  the  filling  arm  of  the  10-ml  automatic 
burette.  Insert  a  second  piece  of  bent  glass  tubing 
through  the  other  hole  with  the  bend  above 
the  stopper.  The  end  should  extend  only  about 
two  inches  into  the  bottle  and  never  beloy 
the  surface  of  the  liquid*. 'Fit  the  external  end 
of  this  glass  tube  to  a  six-inch  long  section  of 
3/8* 9  tygon  tubing  having  a  rubber  pressure  bulb 
attached  at  the  other  end.  Initiate  the  gravity  feed 
to  the  burette  by  pumping  the  pressure  bulb  a 
few  times.  The  bottle  must  be  set  higher  than 
the  top  of  the,  burette  in  order  to  maintain  the 
siphoning  action. 

,  Vacuum  Assembly.—  A  vacuum  source  is 
required  to  operate  the  50-ml  automatic  pipet. 
The  vacuum  is  supplied  by  an  aspirator  attached 
to  a  salt  water  outlet.  A  vacuum  trap  may  be  ' 
set  in  the  line  between  the  aspirator  and  pipet. 
The  trap  consists  of  a  side  arm  filtering  flask 
(500-ml)  fitted  with  a  one-hole  rubber  Stopper.  * 
Slip  a  section  of  bent  glass  tubing  through  the 
'  hole  with  a  bend  above  the  stopper.  The  section 
of  tubing  within  the  flask  should  extend  onljr 
about  3/4"  below^'the  side  arm.  Connect  lengths 
of  thick  wall  1/4"  I.D.  tygon  tubing  from  the 
side  arm  of  the  flask  to  the  top  of  the  pipet  and 
from  the  bent  tubing  ofutlet  to  the  arm  of  the 
aspirator.  Create  the  yacuum  by  running  th£ 
salt  water  outlet  near  full  force.  J 

\  I 

'  I 


CHEMICAL  REAGENTS 

All  of  the  reagents  required  for  the  analysis 
are  commercially  available  in  solution  form. 
Any  source  of  supply  is  acceptable  providing  the 
material  conforms  to  American  Public  Health 
Association,  Winkler  (or  modified  Winkler)  speci- 
fications or  MIL-C  20640A  specifications .  Stand- 
ard potassium  biiodate  solutions  might  not  be 
marketed  under  ^these  specifications,  but,  are 
acceptable  if  the  normality  is  certified  to  one 
ten-thousandth  (0.0001)  of  a  normality  unit.  You 
may  procure  sodium  thiosulfate  solution,  sulfuric 
acid,  and  standard  potassium  biiodate  solution  in 
stronger  concentrations  than  those  required  for 
performing  the  analysis,  but  £0u  must  dilute  them 
according  to  the  instructions  given  below.  In  a 
situation  where  certain  reagents  cannot  Ije  pro- 
cured in  solution  form,  it  is  permissible  to  pre- 
pare them  from  dry  "reagent  grade11  chemicals 
and  distilled  water.  However,  this  will  necessitate 
using  a  soale  for  weighings.  To  avoid  such  prob- 
'  lems,  make  procurements  well  in  advance  of  a 
cruise.  . 

Manganous  Sulfate  (or  Chloride)  Solution 

One  liter  of  solution  contains  from  400 
to  500  grams  of  solid  reagent-grade  crystals 
dissolved  in  distilled  water.  Store  the  solution 
in  a  light-proof  container. 

Alkaline  Iodide  Reagent 

One  liter  of  distilled  water  solution  con- 
tains from  3So'tt>  500  grams  of  solid  reagent- 
grade  potassium  (or  sodium)  hydroxide  plus  140 
to  170  grams  of  solid  reagent-grade  potassium 
iodide.  Store  this  solution  in  a  light-proof  con- 
tainer. Avoid  spillage  and  contact  with  skin  and 
clothing.  It  is  odorless,  but  very  caustic  and 
corrosive.  Its  highly  viscous  and  slippery  nature 
makes  it  difficult  to  remove,  but  copious  water 
washings  followed  by  neutralization  with  vinegar 
will  be  effective. 

Acid 

Use  either  hydrochloric  or  sulfuric  acid 
iQ  fhe  sample  treatment  step.  Hydrochloric  acid 
.is  preferred  and  is  always  used  at  full  strength. 
No  dilution  is  necessary.  If  you  procure  con- 
centrated sulfuric  acid,  dilute  it  to  approximately 
35%  by  measuring  out  in  a  graduated  cylinder  63 
ml  of  djistilled  water  and  adding  to  it  37  ml 
of  the  concentrated  acid.  CAUTION:  ALWAYS 


ADD  ACID  TO  WATER,  AND  BE  AWARE  THAT 
MDONG  THE  TWO  LIQUIDS  MAY  GENERATE 
SUFFICIENT  HEAT  TO  MAKE  THE  GLASS  CON- 
TAINER TOO  HOT  TO  HANDLE.  Exercise 
extreme  care  in  handling  the  acids.  Avoid  con- 
'tact  with  skin  and  clothing  and  avoid  breathing 
the  fumes.  Wear  protective  clothing,  gloves, 
and  eyeglasses  and  work  in  a  well  ventilated 
area.  In  the  event  of  contact  with  skin,  apply 
sodium  carbonate  immediately  and  rinse  with  a 
copious  amount  of  tap  water.      *  - 4 

Sodium  Thiosulfate  Solution 

The  normality'  of  the  sodium  thiosulfate 
solution  will  be  close  to  0.01  N.  Less  than.  10 
ml  of  J);01  N  sodium  thiosulfate  will  be  required 
to  titrate  the  samples  in  most  cases.  A  sodium 
thiosulfate  solution  having  a  normality  other 
than  0.01  N  may  have  been  procured.  The  con- 
centrations generally  encountered  are  0,1  N  and 
1.0  N.  You  may  dilute  these  to  0,01  N,  preferably 
by  using  volumetric  pipets  and  flasks,  since  the 
resulting  solutions  will  be  quite  close  to  the 
expected  0.01  normality.  However,,  if  the  appro- 
priate volumetric  glassware  is  not  available, 
you  may  make  the  dilutions  by  using  graduated 
cylinders.  In  either  case,  you  will  determine  the 
exact  normality  in  the  standardization  procedure. 
The  following  are  the  dilution  factors  for  making 
0,01  N  sodiurajy^sulfate. 

Normality  of  stock 
sodium  thiosulfate 

c 

0.1N 
1.0N 


ml  of  stock 

100  ml 
10ml 


to  be  diluted 
to 

1000  ml 
1000  ml 


If  the  solution  does  not  contain  a  preservative, 
you  may  add  a  few  drops  of  chloroform  to 
retard  bacterial  growth.  You  grfnalso  make 'a 
0.01  N  sodium  thiosulfate  solution  by  dissolving 
7.45  grams  of  solid  reagent-grade  sodiuni  thio- 
sulfate in  3  liters  of  distilled  water.  However, 
to  obtain  a  solution  with  a  normality  close  to 
0.01  N,  perform  the  weighing  on  a  balance 
capable  of  weighing  accurately  to  a  hundredth 
of  a  gram. 

Potassium  Biiodate  Standard  Solution 

The  strength  of  the  potassium  biiodate  solu- 
tion used  for  standardization  is  0.01  N.  If  the 
itandard  potassium  biiodate  solution  procured  is 
not  0.01  N,  you  may  dilute  it  to  the  appropriate 


concentration  by  taking  an  aliquot  with  a  volu- 
metric pipet,  transferring  it' to  a  volumetric 
flask,  and  filling  the  flask  to  its  ring  mark  with 
distilled  water.  Secure  the  stopper  tightly,  shake 
th^  flask  well,  and  store4  it  in  a  darkened  areav 
You  cannot  prepare  this  standard  in  the  field 
from  solid  potassium  biiodate.  You  must  purchase, 
it  as  a  standardized  solution.  Potassium  bi- 
iodate standardized  solutions  are  usually  supplied 
as  0.025  N  or  0.1  N.  Some  manufacturers  mark 
the  normality  on  their  labels  with  the  letter 
"N"  followed  fcy  some  number.  This  is  inter- 
preted as  a  fraction.  For  example,  N  40  means 
1/40  or  0.025  normal.  You  can  dilute  the  follow- 
ing stock  standards  of  0.025  and  0.100  N 
to;"  0.0100  N  using  the  given  dilution  factors: 

STD  Volumetric  pipet      Volumetric  flask 


.025  N 
.100  N 


100  ml 
10  ml 
or 
100  ml 


-  250  ml 

-  100  ml 

-  1000  ml 


Starch  Indicator  Solution 

Use  the  commercially  prepared  starch  in- 
dicator solution  at  full  strength  and  keep  a 
medicine  dropping  bottle  full  for  convenience 
during  titrating.  You  may  also  prepare  the 
starch  solution  by  adding  an  excess  of  dry 
soluble  potato  starch  to  distilled  water,  boiling 
the  water,  and  then  pouring  off  the  clear  liquid 
into  a  storage  bottle.  A  few  drops  of  chloroform 
will  retard  bacterial  action. 

PROCEDURE 

Drawing  the  Sea  Water  Sample 
for  Dissolved  Oxygen  Analysis 

You  must  draw  ihe  samples  for  this  purpose 
first  and  as  soon  as  possible  after  the  comple- 
tion of  the  cast.  Use  ground  glass  stoppered 
bottles  of  approximately  125-ml  capacity  to 
contain  the  sea  water  samples.  Before  drawing 
the  samples,  thoroughly  rinse  the  bottles  by 
adding  a  small  amount  of  sample  water  and 
shaking  the  bottles  vigorously.  Be  sure  to  pour 
the  rinse  water  over  the  ground  glass  stopper. 
Rinse  the  stopper  and  bottle  at  least  twice. 
Carefully  withdraw  the  samples  from  the  Nansen. 
bottle  to  avoid  contamination  with  atmospheric 
oxygen.  Prepare  a  delivery  tube  for  this  pur- 
pose. It  consists  of  a  piece  of  3/8  inch  O.  D. 


78 


tygon  or  flexible  rubber  tubing  about  six  inches 
long  with  a  four-inch  glass  tube  inserted  in  one 
end.  The  glass  tube  is  fire-polished  spiooth  and ' 
slightljr  constricted.  The  stepwise  procedure 
for  filling  is^as  follows: 

1.  Attach  the  rubber  end  of  the  delivery  tube 
to  the  drain  petcocks  and  insert  the  glass  tip  to 
the  bottom  of  the  sample  bottle. 

2.  '  Turn  the  drain  petcock  to  allow  a  slow 
flow  and  invert  the  sample  tyrttle. 

3.  Swirl  the  glass  tip  around  the  bottom  of 
the  bottle  and  allow  the  washings  to  run  out 
over  the  glass  stopper.  * 

4#  With  the  glass  tip  held  against  one  side 
at  the  bottom  of  the  bottle,  slowly  turn  the 
bottle  right  side  up  and  allow  it  to  fill.  A  faster 
flow  rate  may  be  tolerated  while  filling. 

-5-.  When  the  sea  water  overflows  the  neck 
of  the  bottle,  m withdraw  the  glass  tip.  Do  not 
turn  the  petcock  off  until  you  have  withdrawn 
the  tube  from  the  sample  bottle. 

6,  Insert  the  end  of  the  ground  glass  stopper 
into  the  mouth  of  the  bottle  in  such  a  way  that  no 
bubbles  of  air  are  trapped  and  allow  it  to  seat. 
This  wjll. spill  a  small  amount  of  water  but 
Will  ensure'  the  proper  volume  of  sample  for 
^analysis* 

Th&  entire  rising  procedure  should  waste 
only  afc£»ttt  75  ml  pf  sample  water .  Be  sure  that 
no  air  .  bubbles  '"enter  the  sample,  since  this 
will  tend  to  give  •  higher  oxygen  values  upon 
fvanalysis.  If  you  observe  any  air  bubbles,  discard 
jthe  samplje  £nd  begijjrfcver  again* 

Process  dissolved  oxygen  samples  imme- 
diately jtafter  y<*^  have  drawn  them*  Stepwise 
instructipnsf  for  carrying  out  the  analysis  are 
.given  bplow. 

Treating  Sea  Water  Samples  . 

* 

Follow  these  instructions  carefully  to  avoid 
air  ^ntrai nment  and  to  ensure  thorough  mixing 
of  reagent  and  sample. 

1.  Withdraw  one  ml  of  manganous  sulfate  (or 
chloride)  reagent  with  an  automatic  plunger- 
type  pipet. 


2*  .Immerse  the  tip  ot  the  pipet  well  below 
the  surface  of  the  dissolved  oxygen  sample  and 
slowly  depress  the  plunger. 

3.  Keep  the  plunger  depressed  and  withdraw 
the  pipet. 

4.  Follow  steps  1  through  3  for  ail  of  the* 
samples.  *- 

5.  Withdraw  one  ml  of  alkaline  iodide  rea- 
gent with  an  automatic  plunger-type  pipet. 

6.  Immerse  the  tip  of  the  pipet  well  below 
the  surface  of  the  dissolved  oxygen  sample  and 
slowly  depress  the  plunger. 

7 .  Keep  the  plunger  depressed  and  withdraw 
the  pipet. 

8.  Follow  steps  5  through  7  for  all  o^  the 
samples,  '  / 

9.  Carefully  seat  the  ground  glass  stoppers 
without  trapping  any  air  bubbles.  The  samples 
should  show  a  brownish  precipitate  at  this  point. 

10.  Secure  the  stoppers  tightly  apd  shake 
each  bottle  vigorously  with  a  snapping?  action  of 
the  wrist  until  the  brown  precipitate  is  ^venly  dis- 
tributed throughout  the  sample. 

11.  A  How  the  s  amples  to  set  for  oAe  half  hour. 

12.  Shake  each  sample  as  before  and  allow 
each  to  set  until  the  precipitate  jetties  to  the 
bottom* 

Acidification 

The  precipitate  from  step/ 12  above  usually 
settles  within  an  hour,  and  the  samples  should 
not  stand  longer  than  three  tyours  before  acidi- 
fication. 

1.  Withdraw  two  mi  of  concentrated  hydro- 
chloric acid  (or,  if  35%  Sulfuric  acid  is  used, 
withdraw  one  ml). 

2.  Immerse  the  tip  of  the  pipet  an  inch  below 
the  surface  of  the  treated  sample  and  depress 
the  plunger  slowly.  7 

3.  Keep  the  plunder  depressed  and  withdraw 
the  pipet. 
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4,    Secure  the  stopper  carefully  and  shake 
the  bottle  until  the  precipitate  dissolves  contpletely, 
✓ 

The  prescribed  acid  addition  will  usually  be 
adequate  to  dissolve  all  of  the  precipitate.  How- 
ever, if  there  is  still  some  undissolved  pre- 
cipitate remaining,  allow  it  to  settle  and  then  add 
another  l/2  ml  of  the  acid  or  more  if  necessary 
to  clear  it..  ,  If  the  samples  consistently  show 
evidence  of  undissolved  precipitate,  set  the  auto- 
matic plunger-type  pipets  to  deliver  more  acid. 
After  the  samples  are  acidified,  they  are  ready 
for  titration.  They  should  not  stand  for  longer 
than  six  hours  before  titration. 

The  introduction  of  the  reagents  causes  a 
liberation  of  part  of  the'  nitrogen  dissolved  in  the 
samples  of  sea  water.  In  addition,  the  acid 
may  cause  a  small  amount  of  carbon  dioxide 
(C02)  To  be  liberated.  As  a  result,  small  bubbles 
of  gas  may  occur  in  the  sample  after  the  pre- 
cipitate has  dissolved.  This  gas  developed  in 
the  sample  before  titration  and  affects  the  results 
only  by  diminishing  the  v<&ume  of  the  bottle's 
contents.  It  is  of  no  importance  since  an  aliquot 
or  measured  portion  of  the  sample  is  used  for 
titration. 

Titration  of  Treated  Sample 

1,  Withdraw  a  50-ml  aliquot  of  the  acidified 
sample  with  the  50-ml  automatic  pipet-vacuum 
assembly. 

2,  Drain  the  50-ml  aliquot  into  a  125- ml  Er- 
lenmeyer  flask  containing  a  teflon  coated  mag- 
netic stirring  bar.  You  should  have  previously 
rinsed  the  Ertenmeyer  flask  and  stirring  bar 
with  distilled  water,  but  they  need  not  be  dry. 

3,  Fill  and  zero  the  10-ml  automatic  burette 
with  standardized  sodium  thiosulfate  solution. 

4,  Titrate  by  slowly  adding  the  sodium  thio- 
sulfate from  the  10-ml  automatic  burette  to  the 
sample  with  the  magnetic  mixer  on.  Control 
the  stirring  speed  so  no  splashing  occurs.  Con- 
tinue the  titration  until  the  yellow  color  of  the 
solution  in  the  flask  starts  to  fade.  A  sheet 
of  plain  white  paper  between  the  magnetic  stirrer 
and  flask  will  provide  a  good  background  for 
viewing  the  color  change. 

5#  Add  fivtf  drops  of  starch  indicator  solu- 
tion to  the  flask.  The  solution  should  turn  blue. 
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6,  Continue  adding  the  sodium  thiosulfate 
solution  dropwise  slowly,  stirring  until  just  afaint 
trace  of  blue  color  remains. 

7.  Wash  down  the  inside  walls  of  the  flask 
with  a  small  portion  (1  ml  or  less)  of  distilled 
water*  This  will  return  any  droplets  splashed 
up  on  the  walls  of  the  flask  to  the  solution, 

8.  If  the  solution  contains  the  faintest  trace  < 
of  blue  color  at  this  point,  the  addition  of  one 
drop  or  less  will  be  sufficient  to  turn  it  color- 
less. This  is  the  end  point,  and  you  must  care- 
fully find  it  to  within  the  one.  drop  of  sodium 
thiosulfate  which  causes  the  color  change. 

9,  Read  and  record  the  volume  of  sodium 
thiosulfate  used  to  .  arrive  at  the  end  point. 

10,  Discard  the  solution  and  rinse  the  Erlen- 
meyer  flask  and  stirring  bar. 

11,  Refill  and  zero  the  automatic  burette, 

12,  Repeat  steps  1  through  9  with  the  same 
sample, 

13,  The  second  determination  should  agree 
with  the  first  to  within  +0,03  ml  of  sodium  thio- 
sulfate. 

"14,  Average  and  record  the  results  in  the  log 
sheet. 

Standardization  of  Sodium 
Thiosulfate  Solution 

The  color  changes  observed  during  the  ti- 
tration and  the  techniques  employed  for  arriv-  . 
ing  precisely  at  the  end  point  are  the  same 
as  described  above  for  the  sample  treatment 
procedure.  The  sodium  thiosulfate  should  be 
standardized  at  least  once  every  other  day  when 
stations  are  taken. 

1,  Obtain  a  representative  sample  of  sea 
water  by  draining  a  small  amount  of  sample  from 
each  Nansen  bottle  of  the  first  cast  into  a  clean 
one-pint  bottle.  You  may  use  this  sea  water 
until  it  is  expended. 

2,  Add  approximately  50  ml  of  the  above 
representative  sea  water  to  a!25-ml  Erlenmeyer 
flask  containing  a  teflon  coated  magnetic  stir- 
ring bar. 
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3.  Add  3  ml  of  ooocentrated  hydrdbhlorio 
'(or  35%  sulfuric)  acid  to  the  flask-and  torn  on 
the  magnetic  stirrer*  \ 

*  4.  IMPORTANT— Add  to  the  flask  dropwise, 
slowly,  and  with  constant  stirring,  one  ml  of  the 
same  alkaline  iodide  reagent  which  is  used  in  the 
sample  treatment  procedure.  The  solution  should 
be  clear;  if  not,  add  more  acid. 

5.  Add  to  the  flask  one  ml  of  the  same  man- 
ganous  sulfate  solution  used  in  the  sample  treat- 
ment procedure. 

6.  After  the  above  mixture  is  well  stirred, 
add,  with  a  volumetric  pipet,  5  ml  of  the  0.01  N 
potassium  biiodate  standard  and  continue  the  stir- 
ring. The  solution  will  have  a  yellow  appearance  at 
this  point. 

[ 

7.  ?ill  and  zero  the  10-ml  automatic  burette 
with  the  sodium  thiosulfate  solution. 

8.  Titrate  the  solution  in  the  flask  with  the 
sodium  thiosulfate  solution  from  the  10-ml  auto- 
matic burette. 

?.  When  the  yellow  color  starts  to  fade,  stop 
and  add  5  drops  of  starch  indicator  solution 
to  the  flask.  The  solution  will  turn  blue. 

10.  Continue  titrating  with  the  sodium  thio- 
sulfate until  the  end  point  is  precisely  determined* 

11.  Read  the  burette  and  record  the  results  on  ' 
the  log  sheets. 

12.  Refill  and  zero  the  10-ml  automatic 
burette.  Rinse  cut  the  Erlfenmeyer  flask. 

^-<r3.    Repeat  steps  2  through  10  with  a  second 
/standardization  sample. 

14.  Record  the  results.  The  volumes  of 
sodium  thiosulfate  used  to  arrive  at 'the  end  point 
should  agrefe  to  within +0.03  ml.  If  they  do,  average 
the  results.  If  not,  make  another  run. 

15.  Calculate  the  qormality  according  to  the 
following  formula: 

Normality  of  Sodium  =»■'     j  0.05 
Thiosulfate  average   ml   of  sodium 

thiosulfate  used  (burette 
reading  at  end  point) 


Blank 'Determination  * 

A  numerical  blank  value  is  not  required 
for  computations,-  since  it  has  already  been 
•  accounted  for  in  the  standardization  procedure. 
However,  you  must  make  blank  determinations  as 
periodic  checks  on  the  quality  of  the  reagents. 
Exercising  the  same  care  as  described  in  the 
standardization  step,  make  the  blank  determina- 
tion according  to  the  following  steps. 

1.    Add  50  ml  of  freshly  boiled  distilled  water 
to  an  Erlenmeyer  flask. 

-  2.    Add  2  ml  of  acid. 

3.  Add  1  ml  of  alkaline  iodide  reagent. 

4.  Add  1  ml  of  manganous  sulfate  reagent. 

.  5.    Add  five  drops  of  starch  indicator  solu- 
tion. 

If  the  reagents  are  perfectly  good,  no  blue 
color  will  be  evident.  U  a  blue  color  is  present, 
titrate  with  the  sodium  thiosulfate  solution.  If 
more  than  0.1  mkof  stJcfium  thiosulfate  is  re- 
quired to  decolorize  the  blank,  replace  the  con- 
taminated reagent  or  reagents  if  possible.  The 
reagent  most  likley  to 'turn  bad  first  is,  the 
alkaline  iodide.  Make  certain  that  you  have  made 
the  blank  determination  correctly  before  dis- 
'  carding  reagents. 

CALCULATIONS 

Record  all  data  on  the  oxygen  log  sheets 
(figure  52).  Note  any  peculiarities  observed  or 
possible  sources  of  error  which  may  account 
for  discrepancies.  Record  all  the  computations 
for  normality  determination  and  oxygen  content. 

Concentration  of  oxygen  in  water  samples: 

Oxygen  (ml/L)  =  N  x  V  x  ^  x  112 

N  =  Normality  of  sodium  thiosulfate 
V  =»  ml  of  sodium  thiosulfate  (burette  read- 
ing) 

B  «  Volume  of  oxygen  sample  bottle 
112  »  Constant 

Securing 

After  completion  of  the  survey,  di 
the  apparatus  and  clean  all  of  the  eqi 
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Figure  52/—  Dissolved  Oxygen  Determination-Modified  Winkler  Method. 


thoroughly  with  detergent.  Rinse  the  equipment 
well  witisdistilled  water.  Package  all  items  care- 
fully and\stow  them  in  a  safe  area.  Discard 
any  bottles  less  than  one,  half  full  of  reagent. 
Take  extreme  care  with  the  stowage  of  acid  and 
alkaline  iodide  reagents.  Keep  them  in  an  area 
where  there  is  an  extremely  small  chance  of 
breakage.  If  breakage  should  occur,  they  should 
be  in  a  location  where  it  would  be  immediately 
noticeable  but  would  not  present  a  threat  to  perv 
sonnel  and  ship  operations.  Remember  that  it  re 
far  better  to  discard  reagents  than  to  permit 
unsafe  stowage. 


PROCESSING  STATION  OAT  A1 


Physical  oceanographic  measurements  taken 
at  sea  require  careful  examination,  correction, 


and  conversion  before  they  can  be  put  in  a  form 
suitable  for  analysis.  Such  processing  of  ocean- 
ographic data  involves  a  considerable  amount 
of  practical  experience  to  judge  the  reliability 
of  the  records  from  instruments  which  operate 
blindly  below  the  sea  surface.  Corrections  for 
instrumental  errors  and  for  errors  inherent  in 
the  methods  of, obtaining  data  are  necessary 
in  order  to  determine  the  basic  values  of  tem- 
perature and  salinity  for  different  depths  in  the 
sea.  Conversion  of  sea  observations  to  stand- 
ard units  is  desirable  for  comparison  with 
other  oceanographic  data.  Also,  certain  calcu- 
lations are  required  to  derive  dependent  quan- 
tities, such  as,  specific  volume,  density,  and 
currents. 

Processing  of  data  is  a  time-consuming 
operation,      and  many  short  cuts"  have  been 
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devised*  "The  choice  of  method  depends  upon 
the^  amount  of  data_tq,be  processed  and  upon  % 
individual  preference.  For  these  reasons  v  the 
following  r  section  gives  the  fundamental  for- 
mulae and  outlines  a  choice  of  procedures  for 
rj»rrecting  and  converting  field  data  in  order 
to  obtain  the  desired  results. 

Although  this  section  deals  with  processing 
ashore,  much  of  the  processing  could  be  accqm- 
'plished  aboard  ship.  Processing  .atoard  ship 
has  th,e  advantage  that  the  results  provide  an 
immediate  guide  for  future  observations.  On 
the  other  ham}  more  space  and  more  time  are 
usually  available  on  shore,  as  .well  as  more 
stable  conditions,  resulting  in  more_£ccurate 
work.  Regardless  of  where  the  work  is  carried 
,  on,  the  following  procedures,  examples,  and 
tables  should  prove  useful  for  the  processing 
of  physical  oceanographic  data. 

Some  necessary  computations  include  cor- 
recting protected  thermometer  readings,  averag- 
ing water  temperatures,  correcting  unprotected 
thermometer  readings,  calculating  thermometric 
depths,  and  determining  accepted  depths.  To 
perform  these  calculations*  the  Reversing  Ther- 
mometer Calibration  and  History  Record  PRNC-  > 
NAVOCEANO- 3167/53  (Rev.  2-64)  for  each;ther- 
mometer  used  is  required,  and  an  L-Z  Graph 
NAVOCEANO  3167/62  (Rev.2-64)  for  each  cast 
of  the  oceanographic  station  is  required.  ,i 

CORRECTING  THERMOMETERS4 

I 

After  a  deep  sea  reversing  thermometer^  jjs  * 
manufactured  and  before  you  can  use  it  in  taking 
an  oceanographic  station,  the  thermometer  must 
be.  calibrated.  This  calibration  process  deter- 
mines the  deep  sea  reversing  corrections  that 
you  will  apply  to  the  temperature  scales  etched\ 
on  the  main  and  auxiliary  stems  of  the  ther- 
mometers.  It  also  establishes  the  volume  of  ' 
mercury .  (V0),  at  zero  degrees   Celsius,  in 
the  thermometer  reservoir  and  main  stem  cap- 
illary. In  addition,  the  calibration  determines 
the  "Q"  Factor,  or  pressure  factor,  for  un- 
protected thermometers  at  1,000-,  2,000-,  3,000- 
meter,  etc.,  depth  increments.  "Q"  Factors  for 
500-meter  depth  increments  are  determined  when 
required.  Thermometers*  are  calibrated  at  the 
National  Oceanographic  Instrumentation  Center, 
and  the  results  are  recorded  on  the  Reversing 
Thermometer  *  Calibration  and  History  Record 
(figure  53). 


The  record  includes  the  following  informa- 
tion: The  thermometer  number,  make  (manu- 
facturer's name),  V$  in  #C*»  makers  V0  in 
*C^  "K"  value  (glass-mercury  coefficient  of  ? 
expansion  constant),  range  (main  stem  scale), 
smallest  scale  division,  protected  or  unprotected, 
owner,  purchased  new  or  used,*  purchased  from, 
cost,  and  date  acquired.  In  addition,  the  record 
includes  Deep  Sea  Reversing  Thermometer  Cur- 
.  rections  at  .various  temperatures  for  both  main 
and  auxiliary  thermometers  and  "Q"  Factors 
for  unprotected  thermometers.  The  record  also 
includes  an  interpolation  table  for  temperature 
corrections  that  you  will  make.  Instrumentation 
personnel  performing  and  certifying  the  calibra- 
tion, the  tiate  calibrated,  the  adherence  "to  con- 
tract specifications,  and  the  functioning  of  the 
instrument  are  shown  on  the  record.  The  bottom 
of  the  form  contains  a  Thermometer  History 
Record  for  you  to  record  cruise,  dates  thermom- 
eter was  used,  and  performance. 

A  method  for  correcting  both  protected  and 
unprotected  thermometers  is  outlined  in  N.O. 
Pub.  607,  Chapter  F.  In  the  same  chapter,  the 
recommended  computation  of  thermdmetric  depth 
is  given. 

^DETERMINING  ACCEPTED  DEP^H  ' 

Determine  the  accepted  depth  (P)  by  the 
L^Z  ^graphical  method.   U5e  the  L-Z  Graph, 
NAVOCEANO-3167/62  (Rev.  10-64)  (figure  54)  • 
to  facilitate  the  calculations.  The  procedures 
used  to  construct  theyL-Z  graph  follow: 

1.  On  the  vertical  si<le  of  the  graph,  lay 
off  the  wire  length  depth  (L)t  starting  with  zero  at 
the  upper  left  for  the  shallow  cast  and  upper 
right 'for  the  deep  <jajst.  Use  a  convenient  depth 

-increment  for  each  cast  which  wi}l  allow  suffi- 
cient' space  for  the  maximum  wife  depth,  sam- 
pled. '  , 

2.  Across  the  top  of. the  graph,  lay  t)f f 
the  depth  difference  (L-^)  scale  for  eafch  cast. 
Use  a  convenient  L-Z  increment  for  each  cast 
which  will  allow  suffipient  space  for  the  maxi- 
mum L-Z  observepL-  } 

3.  From  the  origin  (upper  left  or  right 
zero  depth),  "construct  .a  line  making  an  angle 
from,  .the  verbal  which  represents  the  wire 
angle*  IJk)/tKis  as'followsf  \  1 
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Figure  53.—  Reversing  Thermometer  Calibration  and  History  Record. 
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Figure  54.—  The  L-Z  graph  with  typical  curves. 


From  a  table  of  trigonometric  functions,  find 
the  cosine  of  wire  angle  (1).  Subtract  the  cosine 
from  1.000.  Multiply  the  remainder  by  100. 
Plot  the  product  as  L-Z  at  L  equals  100,  and 
construct  a  line  passing  through  the  origin  and 
this  point. 

Cosine  of  13*  is  .974 
LOGO -.974  *  .02.G 
.026  x  100  =*  2.6  £ 


4.  Plot  L-Z  Obs  values  at  Wire  Length 
Depth  (L)  values;  make  a  circle  around  each 
point  plotted. 

5.  Construct  a  reasonably  smooth  curve 
through  the  origin  of  the  graph  and  as  many 
points  as  possible. 

6.  From  the  curve,  pick  off  L-Z  values 
for  every  Nansen  bottle  of  the  cast.  Enter  these 
values  in'the  appropriate  L-Z  Used  block. 


85 


ERIC 


>7 

73d 


L-Z 


OSS  ***  PmkU 


£5* 


gwf    \n^/%sfyYs  Zip 


Utrn 

*« 
— rrr 


•Sr—  — 


41 


(HM««ti  .,t.iiM.  iini.tt 


Figure  55.—  The  L-ZTgraph  wjth  atypical  curves. 


7.  To  determine  the  accepted  depth,  sub- 
tract the  L-Z  Used  value  from  the  Wire  Length- 
Depth  (L)  value.  The  remainder  is  the  Accepted 
Depth  (D). 

PLOTTING  STATION  DATA 

The  observed  oceanographic  station  data  ob- 
tained by  taking  a  Nansen  cast,  such  as  tempera- 
ture, salinity,  dissolved  oxygen,  various  nutrients, 
and  depth,  should  be  consolidated  or  summarized 
on  one  log  sheet  and  plotted  on  Oceanographic 
Station  Plotting  Sheets.  Use  the  Station*  Sum- 
mary, Oceanographic  Log.  Sheet-E,  PRNC- 
NAVOCEANO-3167/5  (Rev.  1-63),  (figure  56>  to 


consolidate  and  summarize  the  observed  oceano- 
*  graphic  surface  observations,  temperatures, 
depths,  and  water  sample  analysis  results.  In 
addition,  space  is  provided  on  the  E-Sheet  for 
recording  computed  density  {<rt)9  sound  velocity, 
and  dynamic  calculations  and  for  recording  stand- 
ard depth  interpolated  data  values. 

.  Use  Oceanographic  Station  Plotting  Sheet, 
PRNC-NHO-3167/55  (3-62)  (figure  57),  for  plot- 
ting profiles  of  various  oceanographic  data.  These 
graphs  and  profiles  serve  many  uses  in  studies  , 
and  interpretation  of  the  data.  For  example,  some 
of  the  immediate  important  shipboard  applications 
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include  checking  for  •  possible  errors  in  com- 
putations, sample  analyses,  and  Nansen  bottle 
spacing;  determining  which  thermojneter  of  a 
pair  to  accept  when  they  differ,  by  more  than 
^  .06*  C.;  and  interpolating  standard  depths  from 
the  plotted  observed  values. 

Station  Summary  of  Observed 
Oceanographic  Values 

After  completing  the  data  computations  and 
computing  water  sample  analysis  results,  con- 
solidate the  oceanographic  station  data  on  the 
Station  Summary,  LqgrSbeet-E;  then,  have  another 
person  check  each  entry  to  make  certain  that  you 
have  transcribed  the  data  correctly.  The  follow- 
ing checking  procedure*  is*  recommended:  "As 
the  checker  verifies  each  item,  he  should  place 
a  dot  (with  a  colored  pencil)  over  the  correct 
entry  on  the  E-Sheet.  DO  MOT -ERASE  TCr  COR- 
RECT. With  a  colored  pencil,  enter  the  correct 
value  above  the  incorrect  item.  DO  NOT  CODE 
ITEMS  ON  THE  E-SHEET.  Space  limitations 
in.  several  of  the  blocks  on  the  E-Sheet  heading 
may  require  that  further -fliformation  be  given 
on  tlje  back  of  the  log  sheet. 

Compute  density  fa-j  for  each  observed 
temperature-salinity  value  by  using  table  10, 
Determining  Density  of  Sea  Water,  in  Special 
Publication  68  (SP-68),  Handbook  of  Oceano- 
graphic Tables,  U.S.  Naval  Oceanographic  Office. 
Compute  sound  speed  for-  each  observed  tem- 
perature-salinity-depth value  by  usiug  table  12, 
Sound  Speed,  in  (SP-68).*  Enter  density  in  the 
Observed  Values  column  and  sound  velocity 
in  the  right-hand  column  on  the  E-Sheet. 

Plotting  Observed.  Oceanographic  * 
Values 

After  you  have  entered  and  verified  the 
surface  observations,  serial  number,  accepted 
depth's,  temperatures,  and  water  sample  analysis 
results  on  the  E-Sheet,  plot  the  observed  oceano- 
graphic values  on  the  Oceanographic  Station  plot- 
ting sheet.  Draw  all  graphs  and  profiles  with 
great  care.  Use  a  pencil  no* softer  than  a  number 
3H  drawing  pencil.  Keep  the  point ~3harp  and  draw 
fine  clear  lines.  Plot  all  data  accurately* 


Tfy  jAd  in  '  the  interpretation  of  dataV  use 
the  U.S.  Naval  Oceanographic  Office  standard 
set  of  data  symbols  given  in  table  12.  The, 


Table  12.—  Standard  oceanographic  data  symbols. 


TTH  Of  OttANHftAfrtC  DATA? 

TCMfftATUtt  **C  tr*r| 

lAUWTV  %. 

A 

0 

SOU*  VltOClTT  (ft/.K.  «r  »/ml 

a 

omnrr  (#■,» 

point  in  the  symbol  indicates  the  data  value, 
and  the  symbol  indicates  the  type  of  Observation. 

Use  french  or  ship  curves  to  construct 


— lines — Draw  rnrwS  through  the  plotted  points 
in  such  a  manner  that  the  points  appear  to  lie 
on.  the  curve  rather  than  being  connected  by 
curved  lines.  This  can  be  done  easily-  with  a 
little  practice. 

If  the  station  depth  exceeds  the  length  of  the 
graph,  extend  the  plot  by  attaching  part  of  another 
.  sheet  to  the  bottom  with  rubber  cement,  A 
longer  version  of,  the  plotting  sheet  (NDW  NAVO- 
CEANO  3167/56  (Rev,  3-66)  is  available  for 
very  deep  oceanographic  stations, 

Temperature-Salinity  (T-S)  Curves 

The  T-S  curves  are  useful  in  detecting  pos- 
sible errors  in  the  determination  of  temperature 
and  salinity,  water  masses  and  their  character- 
istics, and  the  variation  of  temperature  and 
salinity  with  depth.  To  plot  temperature  salinity 
relationships,  the  U.S.  Naval  Oceanographic  Office 
uses  the  'Temperature-Salinity  Plotting  Sheet, 
NHO-3166/59  (figure  58).*  This  graph  indicate* 
density  values  for  the  range  of  temperature 
and  salitfffy  it  covers. 

Using  the*  data  for  observed  temperature 
and  salinity  values,  plot  each  point  and  draw  a 
smooth  curve  through  the  plotted  points.  When 
interpolated  values  at  standard  depths  have  been 
determined,  indicate  the  points  on  the  T-S  curve 
and  enter  the  standard  depth  to  the  right  of  the 
curve,,.  i 

You  may  interpolate  oceanographic  data 
values  of  temperature,  salinity,  dissolved  oxygen, 
sound  velocity,  and  density  (0^)  for  standard 
depths  from  plotted  observed  value  curves,  or 
you  may  obtain  interpolations  by  electronic  com- 
puter data  analysis. 

To  find  an  interpolated  value  on  the  Oceano- 
graphic Station  plotting  sheet,  simply  locate  the 
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Figure  57.—  OceanograpMc  Station  Plotting  Sheet, 
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intersection  of  the  curve  and  the  horizontal  line 
which  represents  the  desired  standard  depth; 
then  read  the  corresponding  value  at  the  top  of 
the  graph.  Enter  interpolated  values  on  the  E- 
Sheet. 

To  obtain  interpolated  values  by  electronic 
computer  data  analysis,  CODE  THE  DATA  on 
the  PhysicaLa^  Chemic^raata  Form  fbrOcean- 
ographic  Stations,  NODC-EXP- 3167/25  (3-64), 
(figure  59)jRnd  forward  the  form  to  the  National 
Oceanographic  Data  -gggtgrv  (NODC) .  Code  the 


should  normally  be  equal,  but  if  a  particular 
feature  requires  intermediate  contours,  they 
must  contrast  with  the  standard  contours  by 
different  weight  or  style  oMine. 

Wh«n  a  section  is  made  up  of  a  large  number 
of  lines,  it  is  desirable ~^td  jriake  every  fifth 
line  heavier  than  the  others/  In  this  way  indi- 
vidual contours  may  be  followed  more  easily 
by  reference  to  the  heavier  line  (see  figure  61). 


oat*  in  accordance  with  Publication  M-2,  Pro- 
cessiigTPfc^sical  and  Chemical  Data  from  Ocean- 
ographic Stations,  National  Oceanographic  Data 
Center.  After  the  data  are-cqraputer-processed 
by  NQDC,  a  computer  listing  (figure  60)  will  be 
available,  and  the  data  will  be  on  file^cm  punch- 
cards  for  use  in  computer  analysis^  programs, 

A  qomparison  of  •  interpolated  values  taken 
from  the  graphs  and  the  computer  listing  in- 
dicates that  slight  differences  may  exist  because 
of  the  choice  of  the  curves  used  in  the  deter- 
minations.' 

Horizontal  Charts  and  Vertical 
Sections 

The  presentation  of  processed  physical 
oceanographic  data  in  graphical  fbrraferahalysis. 
arid  "publication  is  most  useful,  since  the  oceancn 
graphically  important  time  and  space  variables 
caii'  be-  used  as  one  of  the  coordinates.  T*he 
construction  of  horizontal  and  vertical  sections 
requires  proper  selection  of  units  and  spacing 
of  values  to  bring  out  the  desired  oceanographic 
variables.  Another  precaution  is  to  maintain  the 
consistency  between  graphs  and  quantities  of 
different  types. 

Horizontal  Charts.—  Horizontal  charts  are 
used  to  show  the  geographical  variation  inocean- 
ogrkphic  quantities  by  contours  of  equal  values. 

A  standard  contour  interval  cannot  be  estab- 
lished to  meet  all  requirements.  In  mid- latitudes 
the  'open  sea  temperature  sections  are  usually 
plotted  by  whole  degrees,  salinity  by  O.S'A*, 
^ygen  by  0.5  ml/L,  andO^  by  0.5  intervals. 
In  extreme  latitudes ,  diff e  rent  s eas ons ,  *and 
inshore  areas,  these  intervals  must  be  modified 
to  bring  out  the  desired  features.  ' 

m  In  any  one  study,  the  contour  interval  should 
be  consistent  throughout.  The  contour  spacing 


 Charts  showing  the  dynamic  topography  of 

one  isobaric  surface  relative  to  another  are 
typical  of  one  method  of  presenting  scalar  ocean- 
ographic data.  You  may  obtain  a  three-dimen- 
sional picture  of  relative  currents  from  a  series 
of  such  charts,  each  showing,  the  dynamic  topo- 
graphy of  a  different  isobaric  surface  relative 
to  the  same  reference  surface. 

You  can  also  obtain  a  similar  three-dimen- 
sional picture  from  a  series  of  level  charts, 
on  which  the  intersections  of  isobaric  surfaces 
are  plotted.  The  methods  are  entirely  comparable, 
and  .you  may  use  either  to  depict  the  fields  of  - 
any  scalar  .quantity.  This  latter  method  of  show- 
ing isopleths  of  constant  temperature,  salinity, 
etc.,  on  equilevel  surfaces  is  most  popular  be- 
cause of  its  ease  of  construction. 

Vertical  Sections.—  In  vertical  sections  the 
horizontal  scale  is  frequently  distance  or  time.^^ 
In  either  case  the  scale  should  be  continuous; 
regardless  of  the  spacing  of  plotted  values.  The 
vertical  scale,  which  represents  a  depth  in  the 
sea,  should  normally  be  continuous.  In  r&re 
instances,  if  the  surface  features  are  to  be 
emphasized  or  in  cases  where  variables  become 
nearly  constant  at  great  depths,  you  may  change 
the  vertiqaj  scale  at..some  depth,  such  as  1,000 
meters  and  compress  the  deeper  scale.  Con- 
spicuously mark  the  break  in  scale. 

Vertical  sections  usually  depict  variables 
along  a  straight  line  of  stations.  If  the  stations 
are  not  arranged  along  a  straight  line,  you 
should  make  clear  the  direction  of  the  section. 
You  may  accomplish  this  by  an  inset  horizontal 
chart  with  reference  (station)  numbers  on  both 
the  inset  and  the  horizontal  chart.  Another  means 
of  representing  a  change  in  direction  of  vertical 
sections  is  by  changing  the  direction  of  the 
plotted  section  on  the  page  and  utilizing  pro- 
jection techniques.  This  procedure,  however, 
gets  involved  if  the  section  changes  direction 
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Figure  58.-  Temperature-Salinity  Plotting  Sheet. 
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Figure  60»—  Computer  listing  of  oceanographic  station  data  with  template* 


ERIC 
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Figure  61.*-  Contours  of  dynamic  height  anomalies  (dynamic  meters)  for  surface 
pver  500  decibarsr.  Current  direction  is  indicated  by  arrows  on  contours;  velocity, 
by  contour  spacing  using  scale  %t  lower  left, 


Figure  62.—  Vertical  section  of  105£. 
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several  times.  In  illustration  of  the  vertical 
section*  figure  62  shows  isopleths  of  constant 
specific  volume  anomaly,  £  ,  plotted  along  the 
section  marked  A— B  on  the  chart  of  dynamic 
topography,  figure  61.  Figure  63  sh<&s  isotherms 
in  the  same  section. 

Both  sections  in  figures  62  and  639  as  well 
as  figure  61',  are  based  upon  the  same  group  of 
serial  observations,  and  therefore  must  be  drawn 
in  such  a  way  as  to  be  consistent.  This  fact 
is  obvious  where  the  distribution  of  a  single 
variable,  such  as  pressure,  is  illustrated  ^in 
more  than  one  way.  It  is  less  obvious  where 
the  distributions  of  different  variables  from  the 
same  data  are  illustrated,  and  it  is  therefore 


important  to  bear  in  mind  the  relations  between 
variables.  As  has  been  shown  above*  the  slopes 
of  isobaric  surfaces  are  closely  related  to  the 
distribution  of  mass. 

Surfaces  of  constant  value  of  /all  the  mass 
variables  slope  in  the  same  direction  in  the  sea, 
and,  except  foro^  which  represents  density 
reduced  to  a  common  pressure,  form  a  single 
family  of  surfaces.  However,  specific  volume 
and  specific  volume  anomaly  increase  upward; 
density  and  0^  increase  downward.  Since  the 
mass  field  is  largely  dependent  upon  tempera- 
ture, isothermal  surfaces  tend  to  slope  in  a 
similar  manner,  and  currents  may  usually  be 
deduced  from  charts  of  isotherms. 
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